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Photonuclear Data-Abstract Sheets
1955-1982

I. Introduction

As used in connection with this collection of data-abstract sheets, the term
photonuclear data is taken to mean any data leading to information on the electro-
magnetic matri x element between the ground state and excited states of a given nuclide.

The most common types of reactions included in this compilation are: (e,e‘), (y.y)*
(y»y')» ( y » n ) » (yjP)

>

etc. as as ground-state particle capture reactions, e.g.

(a,y 0 ). Two reactions which fit the matrix element criterion are not included in

the compilation because of their rather special nature. These are heavy particle
Coulomb excitation and the thermal neutron capture reaction (n,Y 0 ) . While the energy
region of particular interest extends from 0 to 150 MeV, papers are indexed which
report measurements in the region from 150 MeV to 4 GeV. Most of the experiments
listed are concerned with the excitation energy range from 8 to 30 MeV, the region
of the photonuclear giant resonance.

The hierarchical grouping of the photonuclear data-abstract sheets within the file
is by: 1. Target Element, 2. Target Isotope, and 3. by the Bibliographic
Reference Code assigned to the paper from which the data on the sheet were abstracted.
In this file, colored pages are used to mark the beginning and end of the sheets for
each chemical element. A brief historical sketch of the element is given on the divider
sheet marking the start of each section; the information for this sketch was derived
from references such as the Encyclopaedia Britannica. In those cases where the sheets
for a given element make up a major part of a volume, colored pages are also used to

delineate sections pertaining to the individual isotopes of the element. Each of the
sections of the file, as delineated by two colored divider sheets, represents a 27 year
history of the study of electromagnetic interactions in either a specific nuclide or a

specifc element.

The data-abstract sheets are filed under the element and/or isotope in which the

ground-state electromagnetic transition takes place. For example, the abstract sheet
for a total neutron yield measurement for a naturally occurring copper sample would
appear in the elemental section of the copper file. On the other hand, a measurement
of the 9.73 minute positron activity produced in the same sample by photons
with energies below the three-neutron separation energy for 65Cu (28.68 MeV) would
be filed with the sheets for 6 3c u . Similarly a measurement of the ground-state
neutron capture cross section in would be filed under while the corresponding
ground-state alpha-particle capture cross section would be filed under l^O.

At the end of this volume there is a master list of the abbreviations that have
been used in the index section of the abstract sheets. The listings are those used
in the final published index, Photonuclear Data Index, 1973-1981

, NBSIR 82-2543,

issued in August 1982 by the U. S. Department of Commerce, National Bureau of Standards,
Washington, DC 20234. In some cases two notations are entered for the same quantity.
The second entry is the abbreviation that was used in one or more of the earlier
published editions of the index.
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Germanuim— the element noted for its remarkable electrical
properties has a metal ic silver-gray color with properties
somewhere between a metal and a nonmetal. D. I. Mendeleyev
(1834-1907) predicted the existence and properties of a

hypothetical element beween silicon and tin which he called
eka-silicon. Clemens Winkler (1838-1904), in 1886, analyzed
the sulphide mineral argyrodite and found a previously unknown
constituent to which he gave the name germanium after his

native country. The argyrodite was a recently discovered
mineral from an old silver mine near Freiberg. Winkler
had determined that the argyrodite consisted of 75% silver
and 18% sulfur; this left an unknown substance of about
7%. After toiling incessantly for four months, Winkler
managed to precipitate the sulfide of the new element.
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Table 1

Element
Yield (36)

eV cm-
mol MeV

60 SZ/A
(mb MeV)

30

Z
0

SO

Z
0

30 60

Z/Z
0 0

(MeV) (nib)

o^C*
83 xlO"5 777 1.21 2 1 0.53 13.5 97

25.M11 108 xio-5 313 1.32 2.C2 G.55 18.5 114

o~FeZo
58 xlO"5 832 0.33 l.'xC 0.60 17.5 75

2^Co 39 x 10“° 673 1.03 1.62 0.59 17.5 92

2gXi 44 X 10"3 679 0.55 1 07 0.51 13.5 56

2gCu 95 x 10~3 947 1.06 1.99 0.53 17.5 98

30Za 88 x 10
-3

975 0.94 1.63 0.55 17.5 So

3lGa 130 x 10"3 1034 1.29 2.13 0.59 17.5 151

joGa 139 x 10"5 1064 1.35 2.2S 0.59 17.5 153

0 0As 137 x 10"3 1109 1322 2.13 0.56 17.5 127
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G. Kraft, R. Kosiek, R. Mundhenke and J.

Nucl. Phys. A118 . 25 (1968)

METHOD

Winter
ELEM. SVM. A

Ge

REF. NO.

32

63 Kr 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,A AEX THR-33 c 33 SCD-D 4-11 90

(32.5)

Fig. 3. Histogram: energy distribution of <x-particles from Ge. Curve: statistical-model calculation.

form NBS-418
(R E V . 7-14-04)
USCOMM-OC 20010-P64 PH0T0NUCLEAR DATA SHEET 6

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
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A=70





O.A. Borello, J. Goldemberg, M.D.S. Santos

An. Acad. Brasil. Cienc. 2J, (1955)

C.L &M. S r h

Ge 70 52

METHOD
Betatron

REF. NO.

55 Bo 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 12-21 C 12-21 ACT-

1

J+PI

Elements
Threshold

I.imiar <r max a int at6 21 Mev

Ge™ 12,1 ± 0,20 Mev 20 Mev 0,125 barn 0,59 Mev X barn

Ge™ 9,3 ± 0,10 Mcv 18,9 Mev 0,213 bam 1,5 Mev X barr.

FORM N8S-418
(REV. 7-14-041
USCOMM-OC 26010-P04 PHOTONUCLEAR DATA SHEET 9

U.S. DEPARTMENT OF ; OMME RCE
NATIONAL BUREAU OF -TANOAROS



X.D. DeSouza Sar.tos, J. Golderaberg, R.R. Pieroni, E. Silva,

O.A. 'iorello, S.S. Villaca, J.L. Lopes

Inc. Coni. Peaceful Uses of Atomic Energy II (UN, NY), 169 (1955)
Ge 70 52

METHOD
Betatron; neutron yield; radioactivity; r-chamber

REF. NO.

55 De 1 EG?

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE

G,N ABX 9-21 C 9-21 ACT-

1

4PI

(Y,n) threshold = 12.1±0.2 MeV

JadE =0.59 MeV-b

THRESHOLD

(.4 PHOTONUCLEAR DATA £H£E7 10

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OF STANDARDS



Ref. F. Ferrero, S. Ferroni, R. Malvano, S. Menardi, E. Silva
Nuclear Phys. 1%, (i960)

Elem. Sym.

Ge 70 32

Method MeV betatron; activation; Nal

Reaction

Ref. No.

60 Fe 1 JHH

E or AE
$

<7d E J * Notes

(Y,n)

(7, tip)

Bremss.

31 Annihilation radiation of 8
+

from Ge'°

. ra
Annihilation radiation of-

3

from Ga°

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

form NBS-418

U3COMM-OC 1SBSa-PS3

PHOTONUCLEAR DATA SHEET 11



J. J. McCarthy, R. C. Morrison and H.J. Vander Molen
Nucl. Phys. A213 . 371 (1973)

Ge 70 32

METHOD REE. NO.

73 Me 10 egf

REACTION RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,NP ABX 17- AO C 12- 42 ACT-

1

4PI

i»
u

J cdK = 39.3

(Y»np)

t 5 MeV • mb

Fig. 5. C-oss sections of 70Ge(y, np)“Ga, 71
Ge<*/, np)70Ga, and 7‘Ge(y, np)7*Ga.

FORM N3S-418
(A EV. 7-1 4.04)

USCOMM-NSS-OC PHOTONUCLEAR DATA SHEET 12

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



pep. A.M. Goryachev, G.N. Zalesnyi, and B. A. Tulupov
Izv. Akad. Nauk SSSR. Ser. Fiz. 39, 134 (1975)

Bull. Acad. Sci. USSR Phys. Ser. 39_, 116 (1975)

EL EM. SYM.

Ge

A

70

z

32

METHOD REF. NO.

75 Go 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, XN ABX 11- 25 C 9- 25 BF3-I 4PI

a(G,SN) . Statisticsil theorvr used to obtaizl SN cross
section from XN cross section.

Table 2

NvcIM* a. Ej , MtV E|.M«V NudWe h E,. Mi V Ej , MiV

•‘7b ox> 0.00 18 ’•Co 0.25 0,562 18
••Zn 0,23 1.04 13 “Su 0.33 0,V» 18
“Zn 0,2 1,08 1H ’•Sc 0.3 0.616 13
“Cc 0,2.1 1.04 18 0,25 0.654 18
’k:« OK 0.835 18 “Sc 0.2 0,655 13
"Ce 0.8 IH

Cross sections of photoneutron reactions.
The dipole photoabsorption forces are taken
from [6,7] (the solid black columns).

-M.G. Huber et al., Phys.Rev. 155. 1073 (67)
'M.G.Huber et al., Phys.Rev. 192, 223(66.

Table 3

NucUdi a, mb Nuclide «. mb Nuclide mb

•‘Za 3'>7±(ti ’-Cc 7GO±37 ’•Sc 1021+52
**'/n 37!»±27 :Hic 872±4l **Se 1029±50“Zn ’•Cc Oil ±43 1 •>Ser*Gc 7i’J±37 ’•Sc 930±50

*M«tn • square errors

form N3S-418
(REV. 7-ia.«4>

USCOMM-N BS-OC

Values given are for a (24.2 MeV)

.

o

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDAROS

PHOTONUCLEAR DATA SHEET 13



REF.

METHOD

F. J. Kline , I. P- Auer, J» C. Bergstrom, and H.

Nucl. Phys. A255 , 435 (1975)

S. Caplan ELEM. SYM. A Z

Ge

REF. NO.

70 32

75 K1 9 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ LFT 1, 2 D 84-120 MAG-D DST

1.04, 2.562 MEV

Fig. 4. Plot of the converted form factors squared versus q for the 2, states in 70* 71Ge- The solid

lines are the results of fitting to the data with a DWBA program. Note that both the data and the

curve for T0Ge have been multiplied by a factor of ten.

FORM N3S-418
1R E V. 7-1 4.S4)

USCOMM-NBS-OC

Fig. 5. Plot of the converted form factors squared versus q for the 3 t
" states in 70* 72Ge. The solid

lines are the results of fitting to the data with a DWBA program. Note that both the data and the

curve for 70Ge have been multiplied by a factor of two.

(over)

U.S. DEPARTMENTOF COMMERCE
NATIONAL. BUREAU OF STANDARDS

PHOTONUCLEAR DATA SHEET 14



Table 3

Parameters obtained from fits to the inelastic data

State Nucleus e„ (fm) tu (fm) B(EL, ai)f(W.u.) *••) X
2
t4t

2s*
70Ge 4.22±0.14 2.41 ±0.26 19.7 ±1.2 0.56
7,Ge 4.32 ±0.02 2.49±0.05 26.8±2.0 5.2

3," 70Ge 4.34±0.09 2.23 ±0.11 36±5 12.4
7*Qc 3.84±0.12 Z80±0.11 37±7 12.3

*) W.u. an Weisskopf single-particle units.

*) Uncertainties have been multiplied by t•

Table 4

Reduced transition probabilities

State B(EL, <u)f (W.u.) *) Work
70Ge 71Ge

2»* 19.7±1.2 26.8±2.0 present

20.5± 1.1 22.3 ±1.4 compilation *•'')

3,' 36±5 37±7 present

21 22 Kregar and Elbek *)

32 27 Curtis et aL *)

27 23 Perey et aL 0
21 17 Perey et aL 0

*) W.u. an Weisskopf single-panicle units.

*) Ref. **). •) Ref. «*). «) Ref. ,0
). •) Ref. ’). f

) Ref. “).

9
T.H. Curtis et al., Phys. Rev. Cl ,

1418 (1970)

.

10
M. Kregar et al., Nucl. Phys. A93 ,

49 (1967)

.

12
K.R. Alvar et al., Nucl. Data Sheets
8, 1 (1972)

.

^K.R. Alvar, Nucl. Data Sheets ljL,

121 (1972).
14

C.M. Perey et al., Phys. Rev. C2_,

468 (1970)

.

15



J.J. McCarthy, R.C. Morrison, and H.J.

Phys. Rev. Cll , 772 (1975)

methoo

Vander Molen
ELEM. SYM.

Ge

REF. NO.

A

75 Me 1 hmg

EXCITATION SOURCE DETECTOR
REACTION RESULT ENERGY TYPE range TYPE RANGE

angle

- 1

G,N ABX 11- 40 c 10- 40 M0D-I 4PI 1

G,2N ABX 20- 40 c 10- 40 MDD-I 4PI

G, NP ABI 18- 40 c 10- 40 ACT-I 4PI
|

1

I

I
TACLE II. Integrated cross sections.

Isotope (y.n)

(Y.P)

(y,2n) (MeVmb) (y .np) Total

roGe 1273(127) 1 60( 6) 40( 6) 1463(123)

1464(290) b

7*G« 1140(110) 420(40) 40(14) 1690(118)
74Ge 1320(130) 360(40) 90(10) 35X 3)

e 1805(136)
rsGe 1077( 54)

1
710(70) 15( 3) 1S92( 99)

1067(106) b

1 Result of the activation measurements.
b Result of the neutron counting measurements.
c Includes the contribution from the nGe(y,p) reaction.

I

FIG. 4. (a) The iy.n) cross section for °Ge. (b) The
(y,2n) cross section for

,0Ge. (c) The total cross sec-

tion aKy, n) -
(y. 2h) - (y. np) - (y , p)\ for ;oGe. The thresh-

olds (arrows) are taken from Ref. 26.

I

TABLE III. Lorentz fit parameters and integrated cross sections for total cross sections.

Isotope

<T„

(mb)

r

(MeV)
*0

(MeV)

*i>
(irkr 0r
(MeV mb) (MeV mb)

CTJm
~ <tLF

(MeV mb)

D = 60A Z
A

(MeVmb)
£121

D
17 im -QIr

7°Ce 150 5.85 15.5 1330 1463 S3 1040 1.41 0.06
TJGe 150 5.90 17.9 1390 1690 300 1070 i.sa 0.18
74Ge 144 6.96 16.5 1580 1805 225 1090 1.66 0.12
76Ge 120 8.20 16.7 1550 1892 342 1110 1.70 0.18

U.S. OEPARTMENTOF COMMER
NATIONAL BUREAUOF STANDAR

I

*

iFORM N3S-418
(R EV. 7-1 4-44)
USCOMM-OC 26010-P64 PHOTOHUCLEAR DATA SHEET 16



REF.

METHOD

p. Carlos, H. Beil, R- Bergere, J

A. Veyssiere, G. V. Solodukhov

Nucl. Phys. A258 , 365 (1976)

Fagot, A. Lepretre, ELEM. SYM.

Ge 70 32

REF. NO.

76 Ca 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 11- 26 ” D 11- 26 MOD—

I

4PI

G,2N ABX 19- 26 D 11- 26 MOD-

1

4PI

975+

Fig. 3. Partial photoneutron cross sections [a(y, a)+a(y, pn>] and a(y, 2n) for 70Ge. Arrows Bu
and BtM indicate theoretical threshold values for (y, n) and (y, 2a) reactions respectively. Oau were

not corrected for impurities.

Taiu3

Integrated photoneutron cross sections and comparison with sum rules

Nucleus “Zn |‘*Ga

r'Ga
TsGe ”Ge T40e 7<Ge T*As 7*Se T,Se i0Se MSe

£m (MeV) 29 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5

ffo. (MeV • b) 0.75 0.91 0.78 0.94 1.02 1.12 1.09 1.01 1.06 1.11 1.13

CtuA

0.06 NZ
0.7S 0.87 0.75 0.88 0.94 l 0.98 0.90 0.92 0.94 0.95

B,-B, (MeV) 4.2 (3-7

11.4
3 1 -0.8 -2.6 3.3 1.7 0.1 -1.5 -3

(mb) 38 52 44 54 59 64 63 58 62 65 67

(mb) 0.15 0.18 0.15 0.18 0.19 0.20 0.20 0.18 0.19 0.19 0.19

o.i. (mb- MeV’ 1
) 2.0 3.1 2.5 3.2 3.6 3.9 3.7 3.4 3.8 3.9 4.2

o-i*4-«0‘h-MeV-') 1.9 2.6 2.1 2.6 2.8 2.9 2.8 2.5 2.7 2.6 2.7

uscomm-nb The notation used is deAned in the text. The average experimental errors doeJuo*. and zlo.jjo.,, are approximately S %. 17
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Ge

A=72

i

Ge

A=72

r~
'2t

A=72
19
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J. J. McCarthy, R. C. Morrison and H. J. Vander Molen
Nucl. Phys. A213 , 371 (1973)

REF. EL EM. SYM. A Z

METMOP

Ge

REF. NO.

72 32

73 Me 10 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.NP ABX 17- 40 CM
•tf

•CMHo ACT -I 4PT

J odB = 38.9 ± 14 MeVmb
(r»np)

Fig. 5. Cress sections of 70Ge(y9 np)
<#Ga, 72Gc(yf np)

70Ga, and 76Gc(y, np)74Ga.

form N3S-418
(REV. 7* 1 4* 64)

USCOMM-NBS-OC PHOTONUCLEAR DATA SHEET 22

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



ref. A.M. Goryachev, G.N. Zalesnyi, and B.A. Tulupov
Izv. Akad. Nauk SSSR. Ser. Fiz. 39, 134 (1975)

Bull. Acad. Sci. USSR Phys. Ser. 39, 116 (1975)

ELEM. SVM.

Ge

A

72

z

32

METHOD REF. NO.

75 Go 1 omg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, XN ABX 11- 25 ~C 9- 25 BF3-I 4PI

<7(G,SN) . Statistic.
section fj

al theon/ used to ohtaii”» SN
com XN cross section.

Table 2

Nuctid* 1

|

Ej. M.V
|

E|. M.V
|

Nudid.

l

E}. M.V E|. M.V

“Zn
"Zn
“Zb
“Cc
«Cc
"Ce

o.r.

0.23

0.2

O’.!

025
<U

0.00

1.04

1,08

1.04

0.835

0.6

is i
IS

j
i«

j
18 !

18 I

18

"Cc
’•Su

“Se
“Sc
"Sc

0.25

0.33

0.3

0.25

0.2

0.562
0.559

0.818
0.6.54

0,655

18

18

13

18

18

Cross sections of photoneutron reactions.
The dipole photoabsorption forces are taken
from [6,7] (the solid black columns).

rIM.G.Huber et al.

,

M.G. Huber et al..
Phys.Rev. 155 , 1073 ( 67 )

Fnys .Rev. 192 , 223 ( 66 .

Table 3

Nu<lid« a. mb Nuclid* a, mb Nuclide 9, mb

“Zn
“Zn
“Zn
“Cc

397* 19
•

379* 27
718*35
711*37

"Cc
"Ce
“Ce
'•Sc

*00*37
872±4l
911±43 ;

030±50

“Sc
“Sc
«Sc

1021*52
1020±50
1167—53

*M«aa • >4U»« anon

Values given are for a
Q
(24.2 MeV)

.

form N3S-418
(REV. 7-1 4-041

USC OMM-NBS-OC

U.S. DEPARTMENTOF COMMERCE
NATIONAL BUREAU OF STAnOAROS

PHOTONUCLEAR DATA SHEET 23



F. J. Kline, I. P. Auer, J. C. Bergstrom, and H.

Nucl. Phys. A255 , 435 (1975)

METHOD

S. Caplan EL EM. SYM.

Ge 72

REF. NO.

32

75 K1 9 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ LFT 1 f 2 D 84-120 MAG-D DST

0.835, 2.515 MEV

Fig. 4. Plot of the converted form factors squared versus q for the 2,* states in 7,- 1JGe. The solid

lines are the results of fitting to the data with a DWBA program. Note that both the data and the

curve for
,0Ge have been multiplied by a factor of ten.

elfin*1
)

Fig. 5. Plot of the converted form factors squared versus q for the 3 t
~ states in 74* 71Ge. The solid

lines are the results of fitting to the data with a DWBA program. Note that both the data and the

curve for T0Ge have been multiplied by a factor of two.

(over)
iobm N3S-418
IR EV. 7-1 4- 641

USCOMM-N B S-O C PHOTONUCLEAR DATA SHEET 24

U.S. OEPARTMENTOF COMMERCE
NATIONAL BUREAU OF STANOAROS



Table 3

Parameters obtained from fits to the inelastic data

State Nucleus c„ (fm) (fm) B(EL, <o)f(W.u.) *•*)
7.
x
ru

2 t
* 70Ge 4.22±0.1

4

Z41 ±0.26 19.7±1.2 0.56
7,Ge 4.32±0.02 2.49 ±0.03 26.8±2.0 5.2

3,- 7#Ge 4.34±0.09 2.23 ±0.11 36±5 12.4
7,Ge 3.84±0.12 2.80 ±0.11 37±7 12.3

*) W.u. are Weisskopf single-particle units.

*) Uncertainties have been multiplied by y/x
am•

Table 4

Reduced transition probabilities

State B(EL, o>)f (W.u.) *) Work
7«Ge ,2Ge

19.7 ±1.2 26.8±2.0 present

20.3 ±1.1 22.3 ±1.4 compilation *•'!

)

3i* 36±5 37±7 present

21 22 Kregar and Elbek ")

32 27 Curtis et aL *)

27 23 Perey et al. 0
21 17 Perey et aL f

)

*) W.u. are Weisskopf single-particle units.

*) Ref. **). «) Ref. »*). *) Ref. l0
). •) Ref. *). f

) Ref. “).

9
T.H. Curtis et al., Phys. Rev. Cl,
1418 (1970)

.

10
M. Kregar et al., Nucl. Phys. A93,
49 (1967)

.

12
K.R. Alvar et al., Nucl. Data Sheets
8, 1 (1972)

.

13
K.R. Alvar, Nucl. Data Sheets 11_,

121 (1972)

.

14
C.M. Perey, R.J. Silva et al., Phys.
Rev. C2, 468 (1970).
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REF.

J.J. McCarthy, R.C. Morrison, and H.J.
Phys. Rev. Cll , 772 (1975)

METHOD

Vander Molen

EL EM. SYM. A

Ge

REF. NO.

32

75 Me 1 hmg

RESULT
EXCITATION SOURCE DETECTOR

reaction ENERGY TYPE RANGE TYPE RANGE
ANGLE

G,N ABX 10- 40 C 10- 40 MQD-I 4PI

G,2N ABX 18- 40 C 10- 40 -MDD-I 4PT

G, NP ABI 19- 40 C 10- 40 ACT-I 4PI

FIG. 3. The n
. n) cross section for ::Ge. (b) The

(7,2 rt) cross section for ?Ge. fc) The total cross sec-
tion <7((y . «> - t

.

2«> + (y, up) - fy , p)\ for ,:!Gc.

TADLE II. Integrated cross sections.

Isotope (y.n)

(Y.P)

(y,2n) (MeVmb) iy, np) Total

,0Ge 1273(127) 1 60( 6) 40( 6) 1463(128)

1464(290) b

72Ge 1140(110) 420(40) 40(14) 1690(118)

Ge 1320(130) 360(40) 90(10) 35( 3)
c 1805(136)

76Ge 1077( 54)
2 710(70) 1 5 ( 3) 1392( 39)

1067(106)
b

2 Result of the activation measurements.
b Result of the neutron counting measurements.
c Includes the contribution from the

‘ 2Ge{y,p) reaction.

TABLE III. Lorent.t fit parameters and integrated cross sections foe total cross sections.

Isotope

Oo

(mb)

r
< Me V)

*0

(MeV)

(iir)<7
0
r

(MeV mb)
°’lnr

(MeVmb)
17

Ini
-<7U

(MeV mb)

D = 60XZ
A

(MeVmb)
®Hr

D
a’i«'

CT lnr

70 Ge 150 5.35 15.5 1380 1463 83 1040 1.41 0.06
:'Ge 150 5.90 17.9 1390 1690 300 1070 1.58 0.13
:;Ge 144 6.96 16.5 1580 1305 •OCl 1090 1.66 0.12

“Ge 120 3.20 16.7 1550 1392 342 1110 1.70 0.13

1

«

l

i

!

U.S. OEPARTMENTOF COMMERC
NATIONAL BUREAU OF 5TANDARO

I

1
form N3S-418
(R EV. 7-1 4- 64)
USCOMM.OC 2«010-P«4 PHOTONUCLEAR DATA SHEET 26



P. Carlos, H. Beil, R- Bergere, J. Fagot,

A. Veyssiere, G. V. Solodukhov

Nucl. Phys. A258 , 365 (1976)

method

A. Lepretre,
CL EM. SYM. A Z

Ge

REF. NO.

72 32

76 Ca 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 10- 26 D 10- 26 MOD-I 4pi

G.2N ABX 18- 26 D 10-26 MOD-

1

4PI

978+

Flg. 4. Partial photoneutron cross sections [a(y, a)+a(y, pn)] and aiy, 2n) for 73Ge- Arrows Bm
and Bim indicate theoretical threshold values for (y, n) and (y, 2a) reactions respectively.

Tabu 3

Integrated photoneutron cross sections and comparison with sum rules

form N3S-
(REV. 7-14.

USCOMM-N

Nucleus **Zn
|‘*Ga

l
T,Ga

10Ge 73Ge 7*Ge 7‘Ge 7 'As 7«Se 7,Se ,0Se • 3Se

£„ (MeV) 29 26.3 26.3 26.3 26.3 26.3 26.5 26.3 26.3 26.3 26.5

<7.a (MeV • b) 0.73 0.91 0.78 0.94 1.02 1.12 1.09 1.01 1.06 1.11 1.13

0.78 0.87 0.73 0.81 0.94 1 0.98 0.90 0.92 0.94 0.95

0.06 NZ

B,-B, (MeV) 4.2
(3.7

U-4
3 1 -0.8 -2.6 3.3 1.7 0.1 -1.3 -3

<r.i. (mb) 38 32 44 34 39 64 63 38 62 63 67

(mb) 0.13 0.18 0.13 0.18 0.19 0.20 0.20 0.18 0.19 0.19 0.19

«r_a. (mb - MeV” 1
) 2.0 3.1 2.3 3.2 3.6 3.f 3.7 3.4 3.8 3.9 4.2

a.j.A-IO'b-MeV-') 1.9 2.6 2.1 16 2.8 2." 2.8 2.3 2.7 2.6 2.7

The notation used is defined in the teat. The average experimental errors zltf«J<r«.. Ao„,Jo. lm and z)<T. la/<r_4a are approximately 8 %. 27
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F. Heinrich, H. Waffler, and M.

Helv. Phys. Acta 29, 3 (1956)

METHOO

I

Z.M. J 1

Walter
Ge 73 32

REF. NO.

56 He 2 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G
9
A RLY THR - 31 C 31 ACT-

I

Yield measured relative to (y,n) yield in 83 Cu.

31 MeV bremsstrahlung yields

73Ge(Y ,<i)

»C„(Y,n) = (l - 5*°' 8) * l
°' a

FORM NBS-418
(REV. 7*1 4*04)
USCOMM-OC 26010.P64 PHOTONUCLEAR DATA SHEET 31

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



Re<- R. Tobin, J. McElhinney, L. Cohen

Phys. Rev. 110, 1388 (1958)

Elem. Sym.

Ge 73 32

Method

22 MeV betatron; neutron counters
Ref. No.

58 To 1 EH

Reaction E or AE (7d E J n Notes

Ge75 Cy,n) Bremss

22

E
h
= 6.5±0.l6

Frc. 4. Photoneutron yield from germanium as a
function of betatron energy.

U.S. DEPARTMENT OF COMMERCE
NATIONAL BURfMJ OF STANOAROS

form NBS-418
I8-1-S3)
uscomm-oc tsssa>P«3

PH0T0NUCLEAR DATA SHEET 32



REF.

Y. Oka, T. Kato, K. Nomura, T. Saito and H. T. Tsai
Bull. Chem. Soc. Japan 41. 2660 (1968)

EL EM. SYM.

Ge 73 32

METHOD REF. NO.

68 Ok 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,A ABY THR- 20 C 20 ACT-

I

4PI

Table 1. Summary ob data on (r, a) reactions with 20 McV bremsstraiiluno

Nuclide Observed gamma-ray Results obtained

Parent
(Natural

abundance, %)

Product
(Half-life)

(-G. MeV) Energy
(McV)

Branching
ratio (%)

Type of
muitipole
transition

/iCi/mg*>
Yield

(mol - 1 • R

'

*'V(99.75) *’Sc(3.4d) 10.27 0.160 100 Ml +E2 1.99x10-* 2.8X 10*

•»Cu<30.9) *'Co(99 min) 6.75 0.068 99 Ml 4- £2 7.23x10“* 9.7x10*

’•Ga(39.6) *’Cu(61 hr) 5.15 0.184 41 Afl 2.70x10-* 9.6x 10*

’*Ge(7.67) «»Zn(14hr) 5.89 0.435 100 A/4 1.11x10-* 5.Ox 10*

•»Br(49.48) nAs(39 hr) 6.46 0.246 2.81 MI+E2 1.97x10-* 4.3 x 10*

- '«A|<48.63) "»Rh(36 hr) 3.28 0.319+0.3Q6 24.8 M\+E1 8.29x10’* 3.7X10'

"»In(95.77) "'Ag(7.6d) 3.78 0.340 6 Ml +E2 5.70x10-* 4.3x10'

a) The value corrected at the end of 1 hr irradiation (9.4X 10* R/min).

form NBS-418
(REV. 7-14-04)
USC OMM*OC 26010-P64 PHOTONUCLEAR DATA SHEET 33

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS
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Ref. F.R. Metzger
Phys. Rev. 101, 286 (1956)

Elem. Sym.

Ge 7k 52

Ref. No.

5 6 Me 1

Method Radioactive source; photon scattering; Nal spectrometer
NVB

Reaction E ot AE <7d E J * Notes

Ge7^(Y,y) 596 keV 596 keV 2

excit
ed)

Mean life:

T = (1.9±0.5) lO’
11

sec.

0

ground)

Fic. 4. Angular distri-

bution of the resonance
radiation from the 596-kev
level in Ge”3*. The soiid line

represents the theoretical

angular distribution for an
excited state with spin 2

and a ground state with
spin 0, corrected for the

finite angular resolution.

The differential cross sec-

tion is given in arbitrary
units.

Table I. Observed and predicted ratios of the differential

cross sections at 90° and 121°.

Fic. 3. Resonance fluorescence in C.e : *. Dependence of the

resonance effect on the temperature of the arsenic source, lhe

solid line represents the temperature dependence of the density of

the As.-vapor calculated on the basis of vapor pressure data,

and normalized to give the experimental value of the plateau.

Above 800°C the dissociation of the As. vapor causes an increase

(dashed line) of the resonance fluorescence effect (see discussion

in the last chapter).

Spin of the
835-kev level

Theoretical ratio

d* </70°) /d*(i 20°)
Experimental

ratio

1 0.79

2 2.04 2.2±0.3

3 0.08

form NBS-41E
(8-1-931
U3COMM-OC 1 8S36-R93

PHOTONUCLEAR DATA SHEET 37

U.S. DEPARTMENT OF COMMERCE
NATIONAL BL REAU OF STANDARDS



REF.

S. Costa, F. Ferrero, S. Ferroni and R.

Proc. Paris Conference 1034 (1964)

METHOD

Malvano
ELEM. SYM. A z

Ge

REF. NO.

74 32

100 MeV synchrotron 64 Co 3 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABI THR- 80 C 10-80 BF3-I 4P1

Table

ELEMENT

Yield (36 MeV)

/ n. cm* \ „30

A 4” sr/sr
O-I
(mb)\ mol. MeV /

X 10«

2«Cr 83 1.21 2.1 0.58 62

zs-Mn 108 1.52 2.33 0.65 76

28Fe 68 0.88 1.46 0.60 50
"Co 89 1.08 1.82 0.59 64
;„Ni 44 0.55 1.07 0.51 34
2,CU 95 1.06 1.99 0.53 72

•gZn ••••••••• 88 0.94 1.68 0.56 66

«Ga 130 1.29 2.18 0.59 94

uGe 139 1.35 2.29 0.59 101

137 1.22 2.18 0.56 100

y‘ 0 (E) dE is the integrated cross section measured in units of

60 NZ
the classical dipole 60 NZ/A mb. MeV.

PORM NBS-418
!

ip ev. 7 . 1 4-041

,
USCOMM-OC 2«010-P«4

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOARD3

PHOTONUCLEAR DATA SHEET 38



REF
- Y. Oka, T. Kato, K. Nomura, T. Saito, Hui-Tuh Tsai

Bull. Chem. Soc. Japan ^1, 380 (1968)

ELEM. SYM.

Ge 74 32

METHOD REF. NO.

68 Ok 3 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABY THR-20 C 20 ACT- I 4PI

I'aih* I. Summary or data on (y,p) reactions with 20MeV rremstrahluno

Nuclide

Parent Residual
(Natural (Half-life)

abundance, %)

s,
(MeV)

Observed f-ray

Yield dei

pCi/mg*>

termined

Yield/mol-R
Energy
(MeV)

Branchin
ratio (%

r Type of
muitipoie
transition

»Mg (10.11) :*Na 05 hr) 12.06 1.37 100 E2 1.48x10*' 1.7x10*
“Si (4.71) »AI (2.27 min) 12.33 1.78 100 E2 1.91 2.8x10*
“Si (3.12) »A1 (6. 56 min) 13.59 1.28 93.8 £2+A#l 6.51x10-* 1.5x10*
«Ca (2.06) "K (22.4 hr) 12.17 0.374 85 £2+ Ml 7.86x10-* 1.3x10*
•*m (7.32) ••Sc (84. Id) 10.47 0.887 100 E2 7.11x10-* 3.1x10*
**Ti (73.99) "Sc (3.4d ) 11.44 0.160 100 £2+341 6.83x10-* 1.2x10*
,rn (5.46) ••Sc (l.8d) 11.35 1.31 100 E2 4.40x10-* 5.8x10*
«Cr (9.55) »:V (3.8 min) 11.15 1.43 100 E2 5.01x10-' 6.6x10*
"Fe (2.17) "Mn (2.58 hr) 10.57 1.81 23-. 5 E2+MI 8.10x10-* 2.1x10*
14Ge (36.74) 73Ga (4.8 hr) 10.92 0.295 97 (£2) 3.70x10“' 1.3x10*
77Se (7.58) ’•As (26.5 hr) 9.61 0.559 41 £2 1.48x I0-* 1.3x10*
"Sr (7.02) «*Rb (I9d ' 9.41 1.08 9 E2 5.15x10-* 9.9x10*
u«Cd (12.26) "*Ag (3.2 hr) 9.74 1.39 35 E2 1.91x10-* 2.1x10*
•”Sn (7.57) "•In (54 min) 9.58 1.27 84 E2 9.80x10-* 6.9x10*
'"Ba (11.32) "*Cs (13d) 8.67 0.830 100 E2 1.68x10-* 2.2x10*
‘"Hg (16.84) 3>c (2.7d) 7.27 0.412 100 E2 8.43xl0-« 2.2x10*

a) The value corrected at the end of 1 hr irradiation (9.4x 10* R/min).

Fig. 2. The yield curve for the (jsp) reaction

with 20 MeV bremutrahlung.

form NBS-418
i (REV. 7.I4.MI
I USC OMM.OC 20 010* PS

4

PH0T0NUCLEAR DATA SHEET 39

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUR EAll OF STANOARDS



ref. R. Moreh, S. Shlomo, and A. Wolf

Phys. Rev. C2, 1144 (1970)

|
ELEM. SYM. A

Ge 74 32

METHOD

70 Mo 2 hrag

RESULT
EXCITATION SOURCE oetector

REACTION ENERGY TYPE RANGE TYPE RANGE
ANGLE

G.G ABX 6 D 6 SCD-D DST

(6.018) (6.018)

6 - 6.018. LET

TABLE m. Summary of the results of spins, parities, and total widths of resonance levels excited by y rays obtained
from neutron capture in iron. Parities in parantheses are uncertain.

Isotope

Energy
(MeV)

«-|Er -E,|
(eV) J\ Transition

r,/ry
(±8%)

r
7

<10-* eV)

MCr 3.888 18 ±1 0* 1 • # • 0.90 750*200
°Ni 7.646 14 ±1 0* 1- El 0.64 480* 50
uGe 6.018 4.5±0.5 0* 1- El 0.19 120* 15
75As 7.646 7.4 ±0.3 3/2“ \/i *> ... 0.11 360*100

l0,Ag 7.632 9 ±1 1/2- 3/2 ... 0.7 2* 1
llJCd 7.632 4.3± 0.4 0* 1- El 0.55 86* 15
1MLa 6.013 3.2± 0.6 7/2* 7/2" El 0.50 51li

4

541Pr 7.632 u.4^:J 5/2* 5/2* Ml 0.46 72t|
4

:osTl 7.646 9.3* 0.3 1/2* 1/2"* ... 0.58 980* 90
iOJpb 7.279 7.1* 0.3 0* 1* Ml 1.00 780* 60

TABLE XV. Effective elastic scattering cross section

(To/Ty where 6, J, r9 , I*y were
taken from Table III. The temperature of the scatterer
was 300*K, while that of the iron y source was 640*K.

Target

Resonance

energy

(MeV) (mb)

MCr 8.383 905
«Ni 7.646 569
74Ge 6.013 61
15As 7.646 4.4

,0,Ag 7.632 3.5
I15Cd 7.632 193
139La 6.018 39
l4,Pr 7.632 20
205T1 7.646 574
208pb 7.279 5560

form NBS-418
(REV. 7-1 4-Q4)
USCOMM.OC 26010-PA4 PHOTONUCLEAR DATA SHEET 40

u.s. oepartmentof commerce
NATIONAL BUREAU OF STANOAROS



R. Moreh and 0. Shahal
Phys. Rev. C2, 2217 (1970)

|

ELEM. SVM. A Z

I

Ge 32

METHOD NO.

70 Mo 4 hmg

RESULT EXCITATION SOURCE oetector
REACTION ENERGY TYPE RANGE TYPE RANGE

ANGLE

G ,G LFT 6 D 6 SCD-D DST

(6.018) (6.018)

r = 0.12 eV, ryr^ 0 . 19
,
<d

r
> = 61 mb, 6=6.018. J-PI.LFT

^ ~ 4»5 6V TABLE n. Most probable spins tnd parities of levels
In

,4Ge as found in the present work. Also listed are
sngular distribution coefficients A of the corresponding

y lines together with MZ/Sl mixing ratio.

Level energy

(MeV) f

y-llne

energy

(MeV) A
SBij

0.596 2* 5.422 0.044 * 0.010 (li})*!#-4

1.206 2* 4.812 0.041 a 0.029 (o.illjixir4

1.486 04 4.532 0.506* 0.076 0
2.200 2* 3.818 0.140 * 0.040 tt.7l|J)xiO-«
2.229 O4 3.789 0.514*0.102 0

6.0X8 1“ 6.018 0.506* 0.023 0

£ 130
z
o U0U

> tio

2 1j00
ui

I'r-rM»
tJltMaVUm

-*-1.20*

o‘L—

0

—M—
wia»*uwi t .onir;«)

SCATTERING ANGLE (dog

)

TIG. 4. Angular distribution of the elastlo and some Intense Inelastic lines In
T4Ge as measured using a 20-eo GM1A,

detector. Tbs solid lines have the form Wit ) » 1 A/’jfcoeS) and are least-square fits to the experimental distribution.
In each case the corresponding y-y cascade is Indicated.

. DEPARTMENT OP COMMERCE
ON A L_ BUREAU OF STANDARDS



I

R. Moreh, A. Nof, 0. Shahal and A.

Phys. Letters 36B , 71 (1971)

METHOO

Wc.Lf

Ge

REF. NO.

32

71 Mo 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G ,G/ LFT 6,8 D 6,8 SCD-D dst

6.018,7,632 MEV

Table X

Summary at the experimental and theoretical decay properttea at the reaonance level* excited by nuclear photo-

excitation*

Seatterer

Tranaidon
r- 2

*

(keV)

A
(1--2+)

ry
(meV)

HM2)

(M*V)

T(M2)

(W.U.)

a2 (M2/El)

(X103)

5 2(M2/El)
Weiaakopf eetlmate

(xl0«)

™Ge
6018

- 2200
0.14 ±0.04 120 ± IS 190 0.89

23
1717 - 12

3.2

6418
- 1064

0.20 ±0.08 50 ±45 110 0.079
53

46
- 33

6.3

H2cd 7632
- 617

0.09 ±0.02 86 ± 15 36 0.006 «: a 10.8

196\y
6418

- 122
-0.011 ±0.014 45 ±35 110 0.023 a 8.7

form NBS-418
(REV. 7-1 4-04)
U3COMM-OC 20010-P64 PHOT0NUCLEAR DATA SHEET 42

U.S. OEPARTMENTOF COMMERCE
NATIONAL. BUREAU OP STANDARDS



REF. J. J. McCarthy, R. C. Morrison and H.J. Vander Molen
Nucl. Phys. A213, 371 (1973)

ELEM. SYM.

Ge 74 32

METHOP REF. NO.

73 Me 10 egf

reaction RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RAN GE TYPE RANGE

G.P ABX 9- 40 C 9- 40 ACT-I 4PT

*o

f crdK « 92 ± 10 MeV'mb

(y»p)

ENERGY (M#V)

Fig. 3. Total cross section for the reaction 7*Ge(y, p)
,JGa.

form N3S-418
(REV. 7-14-64I
USCOMM-NBS-OC PHOTONUCLEAR DATA SHEET 43

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



REF.
A.M. Goryachev, G.N. Zalesnyi, and B.A. Tulupov
Izv. Akad. Naulc SSSR. Ser. Fiz. 39, 134 (1975)

Bull. Acad. Sci. USSR Phys. Ser. 39^, 116 (1975)

ELEM. SYM.

Ge

A

74

z

32

METHOD REF. NO.

75 Go 1 hmg

REACTION result
EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

G,XN ABX 10- 25 C 9- 25 BF3-I 4PI

<J(G,SN) . Statist!/cal theoiry used to obta.Ln SN cross
section from XN cross section.

Table 2

Nuclide 9. Ej, M.V E|, M.V NudM. A E,. M.V E,. M.V

•»7n 0X> 0.00 18 "Co 0.25 0.562 18
0M 1.04 13 ’•Su 0.33 0.55!) 18

“Zn W 1.08 18 0.3 0.618 13
"Cc

:
t.04 18 "Sc 0.25 0.654 18

»«Cc Itx> 0.835 18 “Sc 0,2 18
"C* OJ 0,8 18

Cross sections of photoneutron reactions.
The dipole photoabsorption forces are taken
Tran [6,7] (the solid black columns).

ZM.G.Huber et al., Phys.Rev. 155,1073(67)
'M.G. Huber et al., Phys. Rev. 192,223(66. Values given are for a

Q
(24.2 MeV)

.

Table 3

Nucltde e, mb NudM. «, mb Nuclide «, mb

•Zn 307±10 * ,4Co 7GO±37 "Sc 102I-K72
*Vn 570±27 Hie 872±4l “Sc IU20±50
•*7n 7|.S±35 ’H-c Oil ±43 “Sc 1167-53
"Cc 7:i:i±37 ’•Sc 030±50

• Mon . square errors

form N3S-418
(REV. 7-1 4-«4>

USCOMM-NBS-OC

U.S. DEPARTMENTOF COMMERCE
NATIONAL BUREAU OF STANDARDS

PHOTONUCLEAR DATA SHEET 44



REF.

J.J. McCarthy, R.C. Morrison, and H.J. Vander Molen
Phys. Rev. Cll, 772 (1975)

CL C.M. 3 f M. A

Ge 74 32

METHOD REF. NO.

75 Me 1 hmg

EXCITATION SOURCE OETECTOR
REACTION RESULT ENERGY TYPE range TYPE RANGE

ANGLE

G.N ABX m- 40 r. 10- 40 MOD-

1

4PT

G,2N ABX 17- 40 c 10- 40 MDD-I 4PI

G,P ABI 11- 40 C 10- 40 ACT-I 4PI

G,NP ABI 20- 40 C 10- 40 ACT-

1

4PI

FIG. 6. (a) The (y,n) cross section for lJGe. (b) The
(y,2n) cross section for ,4Ge. (c) The total cross sec-

tion <r((y, n) <y, 2n) - (y,np) + (-/,/>)! for "’Ge.

TAULE U. Integrated cross sections.

Isotope (y.n) (y.2n)

(v./>)

(MeV mb) (y ,np) Total

70Ce 1273U27) 1

1464(290) b
60( 6) 40( 6) 1463(123)

7IGe 1140(110) 420(40) 40(14) 1690(113)
uGe 1320(130) 360(40) 90(10) 35( 3)

c 1805(136)
TSCe 1077( 54)*

1067(106) b
710(70) 15( 3) 1892( 39)

1 Result of the activation measurements.
b Result of the neutron counting measurements.
c Includes the contribution from the 3Ge(y,/>) reaction.

TAG! E III. Lorcnt/. fit parameters and integrated cross sectio-.s for total cross sections.

Is»OlfV»o

r
(MeV) (AleV)

(itr)cr0r
(MeV mb)

In,

(MeV mb)
O’lnr -<*!>

(MeV mb;

D = 60.VZ

A
(MeV mb)

f In,

D
cr i^~'T"

O'lnt

‘ Ge 150 5.85 15.5 1380 1463 83 1040 1.41 0.06
*Gc 150 5.90 17.9 1390 1690 300 1070 1.53 0.18

'Go 144 6.96 16.5 1580 1805 225 1090 1.66 0.12

‘"Cu 120 3.20 16.7 1550 1892 342 1110 1.70 0.13

FORM N3S-418
(R EV. 7*1
USCOMM.OC 26010-P94 PHOTOHUCLEAR DATA SHEET 45

U.S. DEPARTMENTOF COMMERCE
NATIONAL BUREAU OF STANDARDS



REF.

METHOD

P. Carlos, H. Beil, R. Bergere, J. Fagot, A.

A. Veyssiere, G. V. Solodukhov

Nucl. Phys. A258 , 365 (1976)

Lepretre, EL EM. SYM.

Ge 74 32

REF. NO.

76 Ca 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 10- 26 D 10- 26 MOD-

1

G,2N ABX 16- 26 D 10- 26 MOD—

I

4PI

981 +

Fig. 5. Partial photoneutron cross sections [a(y, n)+<x(y, pn)] and a(y, 2n) for 74Ge. Arrows
and Bt

a

indicate theoretical threshold values for (y, n) and (y, 2n) reactions respectively.

FORM N3S-'
(REV. 7-14-*

USC OMM-N E

Tabu 3

Integrated photoneutron cross sections and comparison with sum rules

Nucleus “Zn f«*G»

l
7,Ga

70Ge «Ge 74Ge ’•Ge 75As 7‘Se ’•Se ••Se “Se

£« (MeV) 29 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5

<To« (MeV • b) 0.7S 0.91 0.78 0.94 1.02 1.12 1.09 1.01 1.06 1.11 1.13

0.78 0.87 0.75 0.88 0.94 1 0.98 0.90 0.92 0.94 0.95

0.06 NZ

B.-B,(MeV) 4.2
(3.7

U-4
3 1 -0.8 -2.6 3.3 1.7 0.1 -1.5 -3

<t-i. (mb) 38 52 44 54 59 64 63 58 62 65 67

<r_ (mb) 0.15 0.18 0.15 0.18 0.19 0.20 0.20 0.18 0.19 0.19 0.19

®-i» (n»h ‘ MeV"') 2.0 3.1 2.5 3.2 3.6 3.9 3.7 3.4 3.8 3.9 4.2

0*b - MeV) 1.9 2.6 2.1 2.6 2.8 2.9 2.8 2.5 2.7 2.6 2.7

The notation used is defined in the text. The average experimental errors Aa^Ja^ Aa.,Ja. lm and Aa. tJa.tm are approximately 8 %. 46
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0. A. Borello, J. Goldemberg, M.D.S. Santos

An. Acad. Brasil. Cienc. 2J_} 4-13 (1955)

ELEM. SYM.

Ge 76

: z

52

METHOD
Betatron

REF. NO.

55 Bo 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 9-21 C 9-21 ACT-

1

4PI

Fig. 2

Elements
(Threshold

)
Limiar « max <r int at6 21 Mev

Ge™ 12,1 ± 0,20 Mev 20 Mev 0,125 barn 0,59 Mev X barn

Ge

™

0,3 ± 0,10 Mev 18,9 Mev 0,2-13 bam 1,5 Mev X barn

form NBS-418
(REV. 7-14-04)
USCOMM-OC 20 010-P04 PHOTONUCLEAR DATA SHEET 49

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



M.5. DeSouza Santos, J. Goldemberg, R.R. Pieroni, E. Silva,

0. A. Borello, S.S. Villaca, J.L. Lopes

Inc. Conf. Peaceful Uses of Atomic Energy II (UN, NY), 169 (1955)

UETHOO
Setatron; neutron yield; radioactivity; r-chamber

EL EM. SYM.

Ge

1 z

76 32

REF. NO.

55 De 1 EGP
(

Reaction RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TVPI RANGE

G.N ABX 9-21 c 9-2 ? ACT-

1

14-PI

JadE =0.59 MeV-b

M .. . . 7.!4.44»
. 2C PHOTONUCLEAR SHEET 50



J.H. Carver, G.E. Coote, T.R. Shervooa
Nuclear Phys. =1, Ukg ( 1962 )

Elea. Sym.

Ge 76

Ref. No.

62 Ca 1

32

Method
30 MeV electron synchrotron; activation; Nal

JHH

Reaction E or A E
S’

dE J ” Note*

Ge^
6

(Y,a)
Bremss.

30

1

Iaomsrio Ratios from (r.n) reactions

Residual Nucleus*

Ground state Matostable state
"8,

a

> leaner ratio

xargas

Nucleus
O

' h^l 1 :

Spin Spin Half-lif. Spla
V<V V

Co” 7/2
*

Co
99 »* 71.34 5* 9.2B 0.44 *0.02 3.2 ±0.2

0.* 0* 0.75 1/2* 82b 7/2* 49s
•

0.48*0.07 2.8 ±0.5

Br
91

3/2* Br
90

1
+

18b 3* 4.4k 2*
0.J2 *0.02 6.5±1.0

ar
96 a* Br

9®
9/2

*
64d 1/2* 70B 7/2

+
0.36*0.07 2.2 *0.4

2r5° o
+

2r
99

9/2
*

79B 1/2* 4.4a 0.33 ±0. 10 2.8 *0.7

Mq92 0 Mo91 9/2
*

15.7a 1/2* 66s 0.46*0.04 fi !
4

2

1/2* ^106
1
+

24. 6 8.3d 0.04 >0.02 2.0 ±0.3

m 119
9/2

*
In

112 1* 14.5b 4* 20.7a 7* 0.8 *0.1 3.1 *0.7

ca
116

0
*

Cd
119 1/2* 53h 11/2* 43d $ 0.2

c140
0
*

C.
1”

9/2
*

140d 11/2* 553 0.08*0.01 2.5 *0.2

a,
1 96 0* H«19T 1/2* 65h 13/2* 24h

r
>>

•
•

0.09 > 0.01 3.4 ±0.5

3/2* Br
90

:

1* ISO

0* 3.
91

i 1/2* 18n

0* 2r
99

! 9/2
*

79h

9/2
*

In
114

!

•

1- 723

PrgTioue rqrk

5*
i

4-*

57o

4. 30

50d

7/2
+

1/2
*

5
+

,(V2.5a),

O.33

0.J j

0.44*0.06
|

4.

0.85 !

6.9

3.0

5*1

5.0

1) J* Ho and R. Yandenboaoh, Phys# Her# 120 (i960) 1305

2) T# Erlosan, Advances In Physios, £ (i960) 425

3) 0. L. Allan, Nuclear Physios (1961) 274

4) C. T. Hibdon, Phys- Hsr. IH (1959) 179

5) C. T. Hihdon, ays. Ear. (1961) 1235

6) ?• Erlosan, Nuclear Physios H ( 1959) <81

7) J. H. Carver sad 0. A# Jonas, Nuclear Physios 12 (i960) 184.

8) A« C. Douglas and N. Macdonald, Nuclear Physics 22 ( T 959 ) 332

9) T. Ericson and Y. if. Scrutinski, Nuclear Physics 2 ( 1 95Q ) 284

10) L« Kata, L. Paass and 3. Moody, Can. J. Phys. 30 ( 1952 ) 476

11) L. Kata, R. G. Baker and R. ilontalhatti. Can. J. Phys. H (1953) 250

12) 5. Silva and J. Goldeaberg, An. Acad. 3rasil Cianoa 23 (1956) 275

13) J. H. Carrar and 3. C. Peaalea, Phys. Rav. 120 (i960) 2155

14) J. M. Blatt and Y. P. Weisskopf "Theoretical Nuclear Physios"

Nav York* *iley (1952)

15) 3. S. Yagers, L. L. Harsden ari R. L. Heath, U.3. Atoric Energy

Commission Report IDO- 16 370 (1953)

16) Nuolanr Data Sheots, National Research Council, 'Yashinrcon (i960,

up to and including Set 5)

17) R. Vandenbosch and J. R. Huizenga, Phys. Rav. 120 (i960) 1315

18) E. Wsigold and R. Glover, Nuclear Physics (in press)

19) K. J. La Coutaur and 3. 'f. Lang, Nuclear Physics li (1959) 32

20) T. D. Netrton, Can. J. Phys. & ( 1956) 904

21) D. W. Lang, Nuclear Physics £6 (1961) 434

22) M. E. Rosa, "Internal Conversion Coefficients" , Aasterdant North
Holland Publishing Co. (1958)

23) J« Goldeoberg and L. Katz, Phys. Rav. 22. (1953) 308

porm NBS-418
(R-1-63>
U SCOMM-OC t Q63fl*PS3

U.S. DEPARTMENT OF COMMERCE
NATIONAL BURFAU OF STANQAROS

PHOTONUCLEAR DATA SHEET 51



Y. Oka, T. Kato and A. Yamadera
Bull. Chexn. Soc. Japan 1606 (1968)

Ge 76

METHOD REP. NO.

32

68 Ok 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABY THR-20 C 20 ACT-

I

ZPI

ISOMERIC YIELD

Table 1 . The particulars or the (;>,n) reaction products and the data obtained

WITH 20 MeV BREMSTRAHLUNG

Nuclide
Half-life

of
product

(sec)

Gamma-ray determined
Limit of
detection

O'8)

Yield
(mol-'-R” 1

)
Parent

(Natural
abundance, %)

Residual
Energy
(MeV)

Branching
ratio (%)

Photopeak
activity

(cpm/mg)»>

**Mg(78.60) °Mg 9.9 0.511 200 2.04x10* 0.49 8.1x10*

"Ge<7.67) 7sn>Ge 48 0.139 100 6.37x10* 1.6 1.1x10*

7*Se(23.52) n“Se 17 0.162 100 1.82x10* 0.55 1.2x10*

**Mo(15.86) •'Mo 65 0.650 57 2.22x10* 4.5 2.7x10*
l**Ce(88.48) usmce 58 0.745 100 1.06x10* 0.95 1.3X10*

***Nd(27. 13) '““Nd 64 0.760 100 3.19x10* 3.1 1.4x10*
L**'Tb(100) '**«*Tb 11 0.111 100 2.56x10* 3.8 2.2x10*

a) The value corrected at the end of one-minute irradiation with the dose rate of

KPR/min; Counting geometry ij 20% with a 3"dia. x3"NaI(Tl) detector.

form NBS-418
IBEV. 7-1 *.94)
USCOMM-OC 290I0-P9* PHOTONUCLEAR DATA SHEET 52

u.s. department of commerce
NATIONAL BUREAU OF STANDARDS



J. J. McCarthy, R. C. Morrison and H. J. Vander Molen
Nucl. Phys. A213 . 371 (1973)

REF. EL EM. SYM. * Z

Ge 76 32

methoo REF. NO.

73 Mt 10 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE MANGE TYPE MANGE

G.NP ABX 17- 40 C 12- 42 ACT-

1

4PI

odE = 15. 2 ± 3 MeV'mb
(r.np)

ENERGY (MeV)

Fig. 5. Cross sections of T0Ge(y, np)4,Ga. 72Ge(y, np) T °Ga, and 74Ge(y, np)
T'Ga.

form N3S-418
IRCV. 7-1 4-64)

USCOMM-N 85-0 C PHOTONUCLEAR DATA SHEET 53

U.S. OEPARTMENTOF COMMERCE
NATIONAL BUREAU OF STANQAROS



ref. A.M. Goryachev, G.N. Zalesnyi, and B.A. Tulupov

Izv. Akad. Nauk SSSR. Ser. Fiz. 39, 134 (1975)

Bull. Acad. Sci. USSR Phys. Ser. 39, 116 (1975)

ELEM. SYM.

Ge

A

76

z

32

METHOD REF. NO.

75 Go 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABX 9-25 C 9- 25 BF3-I 4PI

nlc.stn . Statisticsl1 theory used to obtain SN cross

section from XN cross section.

Table 2

Nxjdi4e A. Ej, MtV E|. MtV NudMi s. E,, MtV E| ,
M«V

•‘Zn o.r. 0.00 18 ’*Cc 0.25 0_iS2 18

"Zn 0.23 1.04 IS ’•So 0.33 0..V.H 18

••Zn 0,2 1.03 1H 7*So 0.3 0.616 13
’*Cc O’.! 1.04 18 ••Sc 0.23 0.654 18

n.2"» 0.835 18 “St- 0,2 0.655 18
tlCe <u 0,6 IH

Cross sections of photoneutron reactions.
The dipole photoabsorption forces are taken
from [6,7] (the solid black columns).

Si. G.Huber et al., Phys. Rev. 155,1073(67)
'M.G. Huber et al., Phys. Rev. 192,223 (66.

form N3S-418
(R EV. 7-1 4- 64)

use OMM*N BS-OC

[over]

U.S. OEPaRTMENTOF commerce
NATIONAL BUREAU OF STANDAROS

PHOTONUCLEAR DATA SHEET 54



Table 3

NudkU 0, mb Nuclid* *, mb Nudida o. mb

•'2a
**'/n

•*Za
«Cc

S'.T-l'J
:,v.i±2l
-IH±Xi
rsi±37

"•Hit

«Cc
’•sr

7GO±37
872±4l
‘.111±43
930±30

«Se
«Se
,!Sc

1021±'»2
11)29 ±.'i0
1967—53

•MM • **“»»• mon

Value? given are for a
Q
(24.2 MeV)

.

55



REF.

J.J. McCarthy, R.C. Morrison, and H.J.

Phys. Rev. Cll , 772 (1975)

METHOD

Vander Molen
ELEM. SVM. A

Ge

REF. NO.

Z

76 32

75 Me 1 hmg

EXCITATION SOURCE DETECTOR
REACTION result ENERGY TYPE RANGE TYPE RANGE

ANGLE

G,N ABX 9- 40 C 10- 40 MOD-

1

4PI

G,2N ABX 15- 40 c 10- 40 MOD-

1

4PI

G,NP ABI 20- 40 c 10- 40 ACT-

1

4PI

FIG. T. (a) The (y, ») cross section for ;;Ge. (b) The

(y,2«) cross section for
7!Ge. (c) The total cross sec-

tion o[(y, n\ - fy. 2k) *
(y. up) + (y.p)| for ,sGe.

TABLE (L Integrated cross sections.

Isotope (v.«) (y,2n)

<Y,P>

(MeVmb) (y.»p) Total

™Ge 1273(127)

*

1464(290) b
60( 6) 40( 6) 1463(123)

72Ge 1140(110) 420(40) 40(14) 1690(113)
74Ce 1320(130) 360(40) 90(10) 35( 3)

c 1805(136)
rsGe 1077( 54)*

1067(106) b

710(70) IS ( 3) 1S92( 39)

* Result of the activation measurements.
b Result of the neutron counting measurements.
e Includes the contribution from the :3

Ge(y, p) reaction.

TABLE III. Lorentz fit parameters and integrated cross sections for tocal cross sections.

Isotope

*0

(mb)

r
(MeV)

*0

(MeV)
(£*)(r0r
(MeV mb) (MeV mb)

^Ini
~ ffLF

(MeV mb)

Q = 60A'Z

A
(MeVmb)

ZiSL -<7|
1

o or, nt

70Ge 150 5.S5 15.5 1330 1463 53 1040 1.41 0.06
72Ge 150 5.90 17.9 1390 1690 300 1070 1.58 0.18uGe 144 6.96 16.5 1580 1805 225 1090 1.66 0.12
7“Ge 120 8.20 16.7 1550 1392 342 1110 1.70 0.18

FORM N3S-418
(R EV. 7-1 4-841
USCOMM-OC 28010-P84 PHOTONUCLEAR DATA SHEET 56

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



REF.

METHOD

P. Carlos, H. Beil, R- Bergere, J.

A. Veyssiere, G. V. Solodukhov

Nucl. Phys. A258 , 365 (1976)

Fagot, A. Lepretre, EL EM. SYM. A Z

Ge

REF. NO.

76 32

76 Ca 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX 8- 26 D 8- 26 MOD-I 4PI

G.2N ABX 16- 26 D 8- 26 MOD—

I

4PI

9M+

Fig. 6. Partial photoneutron cross sections [a(y, n)+o(y, pn)] and <r(y, 2a) for 7*Ge. The rough

data have been corrected for the presence of oxygen in the target but not for the 30 % impurities of

other Ge isotopes. Arrows Bu and 3Zm indicate theoretical threshold values for (y, n) and (y, 2a)

reactions respectively.

Tabls 3

Integrated photoneutron cross sections and comparison with sum rules

Nucleus **Zn
j‘*Ga

\
7,Ga

T#Ge «Ge 7*Ge 7*Ge 7 *As 7‘Se T,Se ,0Se "Se

£m (MeV) 29 26.3 26.3 26.3 26.3 26.3 26.3 26.5 26.5 26.5 26.5

(To. (MeV • b) 0.73 0.9* 0.78 0.94 1.02 1.12 1.09 1.01 1.06 1.11 1.13

*onA

0.06 NZ
0.78 0.87 0.73 0.88 0.94 1 0.98 0.90 0.92 0.94 0.95

B.-B, (MeV) 4.2
13.7

(1.4
3 1 -0.8 -2.6 3.3 1.7 0.1 -1.5 -3

•-« (mb) 38 32 44 34 39 64 63 58 62 65 67

(mb) 0.13 0.18 0.13 0.18 0.19 0.20 0.20 0.18 0.19 0.19 0.19

a. Zm (mb - MeV) 2.0 3.1 13 3.2 3.6 3.9 3.7 3.4 3.8 3.9 4.2

*.i,A-t (/ib- MeV 1
) 1.9 16 11 16 2.8 2.9 IS 15 17 2.6 2.7

(REV. 7-14- ——————

—

uscomm-n The notation used is defined in the text. The average experimental errors JooJuo*. and are approximately 8 %. 57
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Aq
/ 10

A= 75

APSE IIC

Z=33

"For smelter fumes have I been named.

I am an evil
,
poisonous smoke . . .

But when from poison I am freed,

Through art and sleight of hand.

Then can I cure both man and beast.
From dire disease ofttimes direct them;

But oreDare me correctly, and take great care
That you faithfully keep watchful guard over me;

For else am I poison, and poison remain,

^.That pierces the heart of many a one." Cl)

As

0=0 A~75

(1) Fr. Basil! i Valentini chvmische Schriften, Gottfriea Lietezeit,
Hamourg, 1694, part 2, p. 156.

(2) Seventeen-Century alcnenistic symbol for arsenic.

A ,,

A=7

59
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REF.

T. T.

Phys.

METHOD

ELEM. SYM. A
Sugihara and I. Hal pern
Rev. _101, 1768 (1956)

AS

REF. NO.

75 33

56 Su 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N G
r
5N5P RLY THR-320 C 140,320 ACT-

1

4PI

G,3N G.7N2P ditto ditto ditto ditto ditto

G,N2P G.7N4P

G,3N2P G,8N6P

G,3N4P G , 10N4P

G,4N5P G,14N6p

G,5N2P G,2P

Table I. Relative yields of observed radionuclides from the irradi-
ation of arsenic with x-ray spectra at 140 Mev and 320 Mev.*

Separated
nuclide Half-life*

Yield at Yield at
140 Mev J20 Mev

(arbitrary units)

As" 17.5 days 1050 1050
As" 26 hr 110 110
Ga" 5.0 hr 0.3 0.5
Ga" 14.3 hr 0.9 1.2
On" 20.3 min 8.4 9.5
Ga" 68 min 4.2 7.6
Ga" 9.45 hr 0.2 0.7
Cu" 58.5 hr 0.1 0.2
Cu“ 12.80 hr 0.3 2.5

Cu" 3.33 hr <0.1 0.6
Ni" 56 hr <0.02 0.05
N"i“ 2.56 hr 0.08 0.1

Co*1 99.0 min 0.09 0.2
Co“ 18.2 hr <0.02 0.1

• The yield! »t both enerfiel are normallied to the same flue of resonance-
enerey (17 Mev) photons.

* Hollander. Perlman, and Seabort, Revs. Modern Phys. 23. MV (I9SJ).

Table III. Average cross sections. Average cross sections for
the production of a number of nuclides from arsenic by photons
Irom 140 Mev to 320 Mev.

Nuclide 7 (mb)
Integrated cron
lection (Mev-mb)

Ga™ 0.02 3.6
Ga" 0J 54
Ga" 0.05 9
Cu" 0.01 1.8

Cu" 0.2 36
Cu* 0.05 9
Ni" 0.002 0.4

Table II. Ratios of yields of some gallium isotopes
from arsenic to the (y,n) yield.

Itotope Reaction SO Mev* 140 Mev 320 Mev

Ga" (y,®0 46 X10-* 80X 10~* 90X10"*
Ga" \y>n2p) 2.4X10-* 9X10-* 12X10-*
Gs" (y,2P) 1.7X10-4 3X10-* 5X10“*

• See reference 1 7.

” R< B - Ho*txm*n *nd N- Sugarman, Phys. Rev. 87, 633 (1952). '• H. H. Hopkins, Jr., Phys. Rev. 77, 717 (1950).

form NBS-418
(REV. 7-14*64)
U3C OMM-OC 26010* P64 PH0T0NUCLEAR DATA SHEET 61

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



Ref. F. Ferrero, R. Malvano, C. Tribuno

Nuovo Cimento 6 , 385 (1957)

Elem. Sym.

As 75

Re*. No.

57 Fe 2

33

Method Betatron; neutron yield; threshold detector
NB

Reaction E or AE <7d E J " Notes

As75 (Y,n.') Bremss.

14-30

R - ratio between area of second
maximum in cross section and first
maximum.

R = 0.6±0. 12

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OF STANOAROSform NBS-418

(8-1-831
U3COMM-OC 18B36-P63

PHOTONUCLEAR DATA SHEET 62



B.G. Chidley, L. Katz, S. Kowalski

Can. J. Phys. ^6, 407 (1958)

CL EM. SYM.

As 75 35

ETHOO
Betatron

REF. NO.

58 Ch 2 NVB

REACTION RESULT EXCITATION
ENEROV

SOURCE OETECTOR
ANCLE

TV PC PANGS

G, N RLY THR C THR BF3-I 4PI

See 58 Ka 1 for cross sections.
TABLE I

Measured photoneutron thresholds

THRESHOLD

Reaction
Measured Other Q values,

Q value, Mev. Mcv. Method Reference

As’Ky. n)Mu 10.24±0.08
(40.14±0.10)

10.18 ±0.19
10.3 =0.2
10.10 =0.20

9.92 =0.07*

10.14 =0.07*

Mass daca
Threshold
Threshold
Mass data

Q+ value
Mass data
Q~ value

Waps era (1953,/
Ogle et al. (1950)
Sher et aJ. (1951)
Duckworth (unpublished)
Way et al. (1955)
Duckworth (unpublished)
Way et al. (1955)

•Errors given are from mass values only, those of Q* and Q~ values are not known.

N3S-418
~ / . 7.1 4- A4I
jMM-OC 29010-P64

U.S. 0“PA»4TL:£;. T “ CO-
N A r I Or. A I. 1

*'

PHO • U* «wCu wAa W*' • A Sl'lW W I 03



METHOD

L. Katz, G.B. Chidley
Nuclear Reactions at Low and Medium Energies (Academy of Science,

USSR: 1958) 371

Betatron; neutron cross section; BF, counters; ion chamber monitor

1

As

«er. no.

58 Ka 1

75 33

NV3

REACTION RESULT
EXCITATION
ENEROY

SOURCE OETECTOR
ANGLE

TYPI NANSK

G, XN ABX 10-22 C 10-22 BF3-I i4.PI

THRESHOLDS
T a 6 aim a 2

Uopctu uenyexaHUA rpomoH&umpuMs

Haoroa Bn . Ms* 3». M30Ton Bn. Mm Bm , Mss

V51 11.16 20,5 LUO 8.81 16,1

Mn» 10.14 19,2 priu 9.46 17.6

C05® 10.44 18.6 Tb 15® 8.16 14.8

As7* 10,24 18,1 Ho'*3 8.10 14.6

Y80 11.82 20.7 Tm lB® 8.00 14.7

Nb®3 8,86 17.1 L 11 175 7.77 14.2

Rh103 9,46 16.8 Ta 1®1 7,66 13,8

J 127 9.14 16.2 Au.' 87 7.96 13.3

Cs133 9.11 16,5 Bi'Jua 7,43 14.5

so npnnc;(cnu, nocKoatKy ohm npcumnaiOT 22 Maa bo bcox cjiynaax, Kpowe
aoJiOTa, jua KOToporo S

3ji
=21 Mm. CooiicTua ceneunH «c(t) CBCflCKu

s Tafia. 3.

TaSaagi t

r(22).
Hsotoh

1

SUtHC' Mss (3,). top* r. Mss Mu

'

6apH 10* HsflmpsN/100 p mass

vu
Mn»
Co5®

A

s

7*

Y8#

Nb«
Rhi«
J1Z7

CsI33

La138

prm
Tb 158

Ho»«
Tm1M
Lu17S

Tai«i

Au‘»
Bi**

18,4

20,2

18.3

16.4

17.1

18.0

17.5

15.2

16.5

15.5

15.0

15.6

13,5

16.4

16.0

14.5

13.8

13.2

0.062

0.060

0,068

0.090

0,172

0.156

0.160

0,273

0.238

0.325

0,320

0,274

0.305

0.250

0,225

0,380

0,475

0,455

5.2

7.0

6.3

9.5

5.2

7.5

9.4

6.8

7.7

3.8

4.9

9.8

8.9

8.4

8.4

8.5

4.7

5.9

0,33

0,39

0,44

0.74

0.93

1.17

1.40

1.76

1,59

1,55

1.93

2,49

2,52

1.91

1.90

3.15

3,04

2,89

1.62

2,01

2,30

4.25

,5.32

6,80

3.28

11.9

10.7

11.2

13.1

18.1

18.7

14.9

23.0

22.0

22,6

23.2
a — Buxon iJiOToneflTpoHoi sjih As; 0 — «(£;)

«c<T) aw As

'OHM N8S-41S
iflev. 7-1 4.441
-OuM.C'r 740IO*P«4 PHOTONUCLEAR DATA SHEET 64

u.s. oerartment of commerce
NATION*! tusuu or ST AN^AROS



Galler. J. Halpern, ar.d E. G. Muirhead
- vs. Rev. UJ, 1302-12 (i960)

.
C.L. tM. .A

As 75 55

METHOO

Betatron; neutron threshold; ion chamber

REF. NO.

60 Ge 3 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE

G,N N0X THR C THR BF3-I 4 PI

THRESHOLD

Table L Summary and companion of neutron separation energies inferred from present threshold measurements with values predicted
from maaa data and reaction energies. All energies are ezpraMd in the center-of-maia system in Mev.

Kntclhm No. runs Present results Other results Method Reference

As«(y^s)As« 4 10.259±0.031 10.11 ±0.16 mass data m
QVT) 0

10.14 ±0.13 mass data m
con o

10.24 ±0.08 threshold f

• Henry E. Duckworth, Mass Sfitdrotcofij (Cambndgs University Pram. New York. 19SS). p. 177.

• L. J. Lidofsky. Revs. Modern Phys. 29. 77J (19S7).
• R. W. King, Revs. Modern Phys. 26, 327 (1934).

<m NU3-4I8
v . ;.u. t.Ai

' • Vs >w 'w— -

u.s. department or comm-"-
NA II'HIAL HUHEA'I '

• A Pu i

65



?..G. 3aker, K.G. McNeill
Can. J. Phys. 2%, 1158(1961; As 75 35

METHOD cbetatron; f

threshold detect
ast neutu
ors; ion

on yield; angul
chamber

ar distribution; A1 and Si
REF. NO.

61 Ba 2 NVB

REACTION RESULT EXCITATION
ENEROY

SOURCE OETECTOR

TYPE NANCE*
angle

G,XN ABY THR-22 C 22 THR-I 3-+ DST

G,XN ABY THR-22 C 22 THR-I 5-+ DST

In Tables 2 and k-: * "
3-+" is the detector range of

_ Aluminum and "
5-+" of Silicon,

a = average cross section of detector
weighted with neutron spectrum

$ = neutrons/lOO roentgen/mole
CO

N(G) = a
o Y Cl + A

q
P
q

(cos 5)]

n=l

TABLE II

Normalized yield* for aluminum detector*

A](m>t) reaction AI(*,f) reactions

Efemen*- 30* 90* 150* a. 30* 60* 90* 04 «t (J*)‘X10*

Bismuth 399 567=130 620 541 ±85 3632 5139±290 3168 4366±185 0.06±0.06 -0.35±0.1 17.76
478 423±130 641 484±85 2562 6353±290 2055 4144±185 —0.05±0.06 -0.53±0.1 16.87

L»d 428 312±120 725 429±77 3123 5754±260 3154 4591 ±106 -0.004±0.05 —0.51±0.07 18.63

Tantalum 378 367±190 OSS 441±122 2757 3024±425 2088 2757±275 0.14±0.14 —0.19±0.17 11.22

^anthanum 208 222±110 330 243±70 2139 3371 ±250 1891 2768±100 0.05±0.07 -0.43±0.10 11.27

Arsenic 77 100±50 108 97±32 788 937±115 764 865±74 0.02±0.11 —0.16±0.14 3.52

Copper 13 65±30 70 55±20 710 748±70 569 700±45 O.lldbO.OS —0.14±0.11 2.85

•0*) - 4.07X 10*n» QUbanwitutrori.

TABLE IV

I II III IV V VI VII
Element 4| «» (e+)X10** +mu(22 Mcv)X10*

Vanadium 245(1±0.00) 0.01 ±0.08 -0.00±0.10 6.05 0.21 0.12
Chromium 164 (1±0.03) 0.04±0.04 -0.05±0.05 4.05 0.17 0.10
Manganese 308(1 ±0.02) 0.07±0.02 —0.09±0.04 7.61 0.25 0.12
Trr-.n 200(1±0.03) 0.05±0.04 -0.17±0.05 4.94 0.18 0.11
Cobalt 390(1±0.02) 0.08±0.03 —0.22±0.04 9.63 0.26 0.15
Nickel

'

145(1±0.05) 0.07±0.07 —0.23±0.09 3.58 0.12 0.12
Ccppcr 347 (1±0.02) 0.05±0.03 -0.29±0.04 8.57 0.30 0.12
-• -:&nic 482(1±0.03) 0. 11±0.04 —0.24±0.05 11.91 0.33 0.15
'.i acidium 638(1 ±0.05) 0. 13 ±0.06 —0. 14±0.08 15.76
-A.'ontium 409(1±0.05) 0. 10±0.06 —0. 17±0.08 10.10
Yttrium 290(1±0.10) 0.08±0.12 —0. 12±0. 15 7.16
Silver 590(l ±0.04) 0:10±0.06 -0.22±0.08 14.57 0.87 0.07
Cadmium 905(1±0.02) 0% 02±0.02 -0.26±0.03 22.35
iodine 1133(1 ±0.03) 0.04 ±0.04 -0.29 ±0.05 27.99 1.42 0.08
Barium 1048(l±0.04) 0.10±0.06 —0.38±0.08 25.89
Lanthanum 1595(1 ±0.02) 0.02±0.03 -0.42±0.04 39.40 1.04 0.15
Cerium 1316(l±0.05) 0.05±0.0G -0.39 ±0.08 32.50
Dysprosium 1652 (1 ±0.03) 0.04±0. 10 -0.34 ±0.13 40.80
Tantalum 1558(1 ±0.02) 0.04±0.03 -0.22±0.04 38.48 2.50 0.06
Tungsten 1365(1 ±0.02) 0.07±0.03 —0.24±0.04 33.71
Mercury 1345(1±0.02) 0.04±0.03 —0.31±0.04 33.22
Lead 2274(1±0.01) 0.02±0.02 —0.42±0.03 56.17 2.72 0.08
Bismuth 2162(1 ±0.02) 0.05±0.03 —0.45±0.04 53.40 3.36 O.OG
Thorium 3031 (1±0.04) 0.00±0.05 —0.32±0.07 74.87
Uranium 4630(1±0.02) 0.05±0.03 —0.17±0.04 114.36

'Of) • 3.47X10* M mUUbani-ncuiroa. Error* arc Manriard error* due 10 counting itatutic* only.

U.S. DEPARTMENT C
NATIONAL. BUR'AUC." ST.N'

FORM N3S-4I8
!R ev. 7*1 4.041
J3COMM.OC 2*01 (MRB4 PHOTONUCLEAR DATA SHEET 66
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F.R. Metzger
Phys. Rev. 127 , 220 (1962) As 75 55

METHOD
Radioactive source; total absorption

REF. NO.

62 Me 2 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE

G, G LFT 1 D 1 NAI-D 0

(265 keV) (265 keV)

LIFETIME

Mean life:

T = (l.57±0.10) 10“U sec.

I'rr. ••»
-I i

1 -.. -'. .o iMiint« mi ii

' !u-ir -
1 . ! 1

-
’ 1 • ;

'
• • ~ .’i"* . • ul.Hi -

. : * r

!' = ; 1
1 7 * in

Tahi f. r Kxpcrinu ntnl result 5 <>f the transmission experiment*

iarrir«l <*ut
' Mill tin* 100* l' cm : arsenic al)*»rr*er. The absorption*

c viatic*! i< r r, = 'n;x 10 »i-V. ire tabulator! fur comparison f»ur

fn 'hr la-t n-iunin. :he a jiith' call ul.itcl ir-*m the observed

ah«<iqiUiin> ire li-tH.

Width !*,

from

^•uri c
\ -..:v • "> :n , . , . .•n'p:er.

,
.il

(’
1.1 ;late> r .• «.-rprinn

10* rn*. -.-c I- \f er'.:::i nt f = 4.07X10 1 JO * i-V

1 HO . n«J —’.0 oi»7 - — 120

2. *4 07-1 4 0 1\ 12-05
l 70 00-2.0 07 ; 4—l2
\ 74 04-1.4 17 10-44
' ftO 4.4— 2.1 '7 4 * — 2 4

O (o 11-10 7 4 2.1 roo
; mi 14.1 fcl O 12 0 4 7 —0 s

H IIS 17 4-2.1 !o 11 4 5-u 7

S N(1 IS/.-2.1 10 0 ? H = .) f>

0 m 24 0—2.1 24 4 40-114
•Ins 24 4-2.1 27.2 ? 4 —11 4

10.01 44 0-1.0 JO * 4 ; r" 1

10 40 427 — 1 0 ;<4 40=03
10 07 47 . S - 1 0 r, 4 4 =0 <

11 40 to 2 ± l 0 UiH 4 0-04
11 04 47 4

12.4! to 4

13.47 '2.4

form NBS-418
(REV. 7-14-641
USCOMM-OC 24010-P64 PHOTONUCLEAR DATA SHEET 68

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



Ref> M. Sugawara, S. Mori, A. Ono, A. Hotta, M. Kimura

J. Phys. Soc. Japan 18, 17 (1963)

Elem. Sym.

As 75 53

Method
a 25 MeV betatron; photon scattering; Nal spectrometer; NBS chamber

Ref. No.

63 Su 1 NVB

Reaction E or AE <7d E J rr Notes

AsT5 (y,7) Bremss.

k-lk

Detector at 120

= 0.6 mb

o.

max

[Corrects results in J. Phys. Soc.

Japan 16, 1657 (1961)]

5 10 is

PHOTON ENERGY (Mev)

( d )

Pig. 2. The elastic scattering cross sections for Mg. Fe, Zn, As, Cd, Sb and Bi. The indicated
spread in energy is the width of the sum-up channels, and the vertical lines are the statisti-
cal errors including background counts. The arrows represent the positions of the threshold
energies of (r. p) or (r, n) reaction taken from Ref. 16. The open squares at 7 Mev are Reibel
and Mann's data* 1

. In Fig. 2(c), the cross section values, which are analyzed by displacing
the sum-up channels by five channels to lower energy side than the positions generally used,
are indicated by the closed triangles.

9)

10)

11)

K. Reibel and A. K. Mann: Phys. Rev. 118

(1960) 701. 15)

J. S. Pruitt and S. R. Domen: NBS Monograph

48 (1962). 16)

E. G. Fuller and E. Hayward: J. Research

1857.

J. A. Stratton: Electromagnetic Theory

(McGraw-Hill Book Co., New York, 1941).

Nuclear Data Sheets, National Academy of

Sciences (N. R. C.).

form HBS-418
(8-1-831
USCOMM-OC 18936-P63

PHOTONUCLEAR DATA SHEET 69

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOARCS



S . wT.i, S. Ferror.i ar.ci C. Moline
. Jay,s. Letters U. 324 [ L9c4 , As

j

75 33

••ET'-iOO RE“. NO.

Synchrotron; C^(v, n) monitor [Page 1 of 2]
|

cl. Co 2
j

JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR

TYPE RANGE TYPE RANGE
ANGLE

G.XN ABY 1 THR - 30 C 30 3F3-I 4 PI

,

Table 1

Element
Yield (35)

eV c”“
mol MeV

60 .VZ/A
(mb MeV)

SO
r

0

30 SO

S/S
0 0 (MeV)

-m
(mb)

24Cr 83 xlO"5 777 1.21 2.1 0.53 18.5 97

251Ia 108 xlQ-5 813 1.52 2.33 0.65 13.5 114

25
Fe 68 xlO

-5 832 0.85 1.46 0.30 17.5 75

27Co
89 x 10"° 573 1.03 1.32 0.59 17.5 92

ogNi 44 x 10"5 579 0.55 1.07 0.51 1S.3 56

29
Cu 95 x 10-3 947 1.06 1.99 0.53 17.5 98

30Za 38 x 20“° 075 0.94 l.SS 0.56 17.5 85

31Ga 130 x 2C*5 1334 1.29 2.13 0.59 17.5 151

32Gq 139 xlO-5 1034 1.35 2.29 0.59 17.5 158

ZZ^3 137 x 10"° 1109 1012 2.13 0.56 17.5 127

30

30
(\

1

0 c(Y 5
xn)dE Table 2

- =
0 maximum w - \ r

1

G 60 NZ/A 2Ier-.eat yield.

(x IQ-*,
«r_lCTn) 3 He /.-.-i\

.

x
: 4-2 c2

•*
1

(a. O O

•
? {

<!

^ -a 23 2C. -W a-

* ( • 1 CGuVcM«w»«*y xv* l£ wCi, vcTw wj /<

,

6^

S°

•* i Ncl

12 :‘:5

7 oAl

Si

. r p

:cs

ijx

20Ci

04 'S-

23
~
s

2-jCo

2SXi

.-, .- Cu

30^"

oiGa

,-,Ce

4.0

5.2

23.6

20.0

25.0

22.5

20.3

9.5

20.3

22.2

S3

04

43

202

53

240

4.0a

22.60

3.S2

23.52

0.03

27.56

3.55

27.00

22.63

62.3

73.2

50.5

33 .a

24* 2

72.5

35.7

03 5

232.5

00.3

a..a

2.02

2.40

2.30

2.07

a.ao

5.03

2.04

2.59

2.03

2.35

70



S. Costa, F. Ferroni, S. Ferroni and C. Molino

Phys. Letters _I_1, 324 (1964)
As 75 33

METHOD
12

Synchrotron; C (y,n) monitor [Page 2 of 2]

REF. NO.

64 Co 2 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Fig. 1 . A typical yield curve (As(y,Tn)).

form NBS-418
(REV. 7-1 4-04)
USC OMM-OC 20010-P64 PHOTONUCLEAR DATA SHEET 71

U.S. DEPARTMENT OF COMMERCE
NATIONAL 0Hr AU OF STANDAfln^



REF.

S. Costa, F. Ferrero, S. Ferroni and R.

Proc. Paris Conference 1034 (1964)

METHOO

Malvano
EL EM. SYM.

As 75 33

REF. NO.

100 MeV synchrotron 64 Co 3 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABr THR- 80 C 10-80 BF3-I 4PI

Tablb

ELEMENT

Yield (36 MeV)

( n. cm2
\

2." sr/s:
0-1
(mb)\ mol. MeV /

X 10®

*«Cr 83 1.21 2.1 0.58 62
108 1.52 2.33 0.65 76
68 0.88 1.46 0.60 50

nCo 89 1.08 1.82 0.59 64
»Ni 44 0.55 1.07 0.51 34
2»CU 95 1.06 1.99 0.53 72
30*° 88 0.94 1.68 0.56 66

nGa 130 1.29 2.18 0.59 94
jjGe 139 1.35 2.29 0.59 101
«As 137 1.22 2.18 0.56 100

V ‘

—

A—f60 NZ J
the classical dipole

*

o (E) dE is the integrated cross section measured in units of

60 NZ/A mb. MeV.

form NBS-418
(REV. 7.14.641
USC OMM.OC 290I0-P64 PHOTONUCLEAR DATA SHEET 72

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



*EF. ELEM. SYM.
j

A

Yu. K. Shubnyi, D. K. Kaipov, and R.B . Begzhanov

J. Exptl. Theoret. Phys. (USSR) ^7, lb (1964)

Soviet Phys. JETP 20, 11 (1965)
_____ _____ “ __ -

As

REF. NO.

Resonance scattering; high temperature source 64 Sh 5

75 33

JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,G LET 1 D 1 NAI-D 122

t
y
(mi: = (1.7 ± 0.3) x 10

-11
sec for 0.265 MeV level.

form NBS*418
(REV. 7-1 4-041
USC OMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 73

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STAN04RDJ



D.S. Fielder, J. Le Tourneux, K. Min, and W. D.

Phys. Rev. Letters _L£, 33 (1965)

METHOO

Whitehead
ELEM. SYM. A

As 75

REF. NO.

33

65 Fi l JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABX 10 - 25 C 10-25 BF3 * I 4 PI

1 <j(xn) = 744 ± 56 MeV-rnb
J
10

See: Phys. Rev. Letters JJ5, 530 ( 1965)

for Danos et al. fit.

FIG. 1. Solid line: photoneutron production cross

section of As 7
*; dashed line: total photoabsorption

cross section.

form NBS-418
(REV. 7-14-64)
USCOMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 74

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



rv & r .

U. Amaldi, Jr., G. Campos Venuti, G. Cortellessa, E.

S. Frullani, R. Lombard, P. Salvadori
Lincei-Rend.Sc.fis.mat. e nat. 494 (1966)

METHOD

De Sanctis,

As 75 33

REF. HO.

66 Am 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TV PC RANGE TYPE RANGE

E,E/P SPC 105-365 D 560-880 MAG-D 475 62

ANGLE OF E/ is 51

Table I.

A B C

E-(MeV) . . . .

«(MeV)
37 ± 8

38 ± 13

5* ± «4

33 ±35

til ± 13

$3 ±30

Fig. I.

form NBS-418
(RCV. 7-14-44)
U4C OMM-OC 24010-P44 PHOTQNUCLEAR DATA SHEET 75

U.S. DEPARTMENTOF COMMERCE
NATIONAL BUREAU OF STANDARDS



A

Table 1

Flg> ** Cross ^u
_
on (in mb) venus mass “umber of the target for gamma-ray energies of 9 00

Photoneutron cross sections (mb)
72^ 10,83 MeV- The *>M Un« are plots of eq. (1 ) in the text.

Target 7.72 MeV 9.00 MeV 9.72 MeV 10.83 MeV

‘•Co

•‘As

•>Nb

‘“Rh
10TAg
i»Ag
"‘In

">Sb

‘“Sb

"»l

"*Cs

"•La
mpr
">Eu
>“Eu
"•Ho
"*Ta
1,TAu
iMPb
»MPb
»«Bi

0.33± 0.10

8.61 ± 0.86

28.9 ± 3.2

35.6 ± 4.3

4.14±0.36 45.4 ± 3.7

44.5 ± 3.6

<34.3

22.6 ±11.3

36.1 x 12.0

14.6± 2.2

9.0± 0.8

20.4± 1.7

25.8± 2.1

10.6± 1.7 38.8± 3.1

10.0± 1.5 37.6± 2.9

17.1 ± 2.6 33.3± 2.7

20.7± 3.1 42.5± 3.6

38.7± 5.8 38.8 ± 3.1

31.7± 4.8 52.5± 3.8

40.8 x 6.5 63.0± 5.0

21.5 ± 3.2 58.3± 4.1

61.3 ±14.7 102 ±18

92.2±27.6 150 ±20
65.0± 5.5 146 ±12
68.4± 13.5 160 ±15

238 ±29
280 ±31
226 ±27 76

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OP STANDARDS



REF. CL CM. 5 r M.

H. Langhoff and M. Schumacher

Phys. Rev. 155 . 1246 (1967) As 75 33

METHOD REF. NO.

Resonance Fluorescence 67 La 1 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,G LFT 1 D 1 NAI-D DST

dcf/dQ = d
Q [ 1+AgP;, ( cos©) ] .

Table I. Results of the present investigation.

(keV) Spin At in/Ml (g*/si)iv/r (eV) r,/r rw»l (see)

265 i 0.14±0.05 -0.01±0.04 (3.62±0.20)X 10~* 0.97 (1.71±0.10)X10-“

280 i 0.92±0.12 -0.42±0.08 (2.40±0.18)X 10"* 0.99 (4.02±0J0)XlO-“

form NBS-418
(REV. 7.14.041
USC OMM.DC 2001 0.P04 PHOTONUCLEAR DATA SHEET 77

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OF STANOARD3



W. J. Alston III, H. H. Wilson and E. C. Booth

Nucl. Phys. All6, 281 (1968)

EL EM. SYM.

As 75 33

METHOD REF. NO.

68 Al 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G LET •—41o c 4 SCD-D 0-3 130

(1.35)

Angle greater than 90 for all measurements.
SELF-ABSORPTION

Table 1

Direct and absorption measurements of resonance fluorescence

Nucleus Er

(MeV)
J, rjr gwrjjr

(meV)
Error

(%)

This work
(meV)

Other work
/’.

“Mn 0.000 i-
1.527 <n 0.9 5.2 25 8-12

abs ») 40 8.0

1.884 7 0.82 ") 41 25 50/gH'
abs ») 10 55/g

2.197 7 (0.8) «) 17 25 2\lgW
abs 20 Vlg

2.252 7 (0.9) •) 17 25 191gW
abs 20 13lg

2.365 7 ? 3.5 36 (2-6)/’//’,

2.564 *>

(1.0) 50 25 50/gW
abs •) 20 61/-7

2.751 7 ? 6.7 42 6.1(.nrt)lgW
“Co 0.000 j-

1.187 (}-> (1.0) 6.8 25 7.5 0.33(E2)tf
)

abs 25 ») 12

G-) (1.0) 6.8 25 (S-4-6.5) 0.27(E2)

abs 25 •) 9.6

«Cu 0.000 S—
If

1.414 i~ 7 1.6 30 (1.1-I.7)/7A
1.551 j- 7 1.7 37 (1.7-2.5)77/’. 0.1 (E2) •)

«Ga 0.000 n -
i

0.872 (}-> 0.95 1.1 35 0.8/ IT
1.107 a-) 0.95 8.0 20 8.4/ IV

’•As 0.000 r
0.86 7 7 1.7 20 u rig wr„
1.07 7 7 2.6 30 2.6 rigwr0

1.35 7 7 3.6 20 3.6 rigwr.
”Y 0.000 i-

1.51 T -
(1.0) 52 ») 30 28 0.37(E2) ')

abs •) 15 22

») Measured with Nal.
s
) Ref. **).

*) Measured with a Ge(Li) detector to ±10%.
>) Ref. 1J

). «) Ref. 14
). ') Ref. “).

D.G. Alkhazov, K.I. Erokhina and I.K. Lemberg, Izv. Akad.Nauk.SSSR( ser.fiz.

)

28 (1964) 1667.

23
B »G » Harvey, J.R. Meriwether and A.Bussiere, Nucl. Phys. 70 (1965) 305.
G.A. Peterson and J.Alster, Phys. Rev. JjS6 (1968) 136.
N. Nath, M.A. Rothman, D.M. Van Patter and C.E. Mandeville, Nucl. Phys. 13

(1959) 74 .

’
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ref. B. L. Berman, R. L. Bramblett, J. T. Caldwell, H.

M. A. Kelly and S. C. Fultz

Phys. Rev..122, 1745 (1969)

METHOD

S. Davis, ELEM. SYM.

As

REF. NO.

75 33

69 Be 1 hmg

EXCITATION
ENERGY

SOURCE DETECTOR
REACTION RESULT

TYPE RANGE TYPE RANGE
ANGLE

G.N ABX THR- 30 D 10-30 BF3-I 4PI

G.2N ABX THR- 30 D 18- 30 BF3-I 4PI

Table VI. Integrated eras sections.

Nucleus
Ftai(T.«) + (T.^*>]

(MeV-b)*
»hrt(T,2n)
(MeV-b)*

fis*(t»2i»)

wins (t,total)*

\rrmT
(MeV-b)*

0.06CYZA4)
(MeV-b)

As'* 0.69 0.22 0.24 1.13 1.11

Ag* 1.09 0.26 0.19 1.56 1.58

Cs“ 1.48 0.50 0.25* 2.27 1.94

All manred lnteerated crow-section values are given for an energy ‘For Aa'» and Ag1*. the quantity tabulated la Jr [*v (1 ) T (1 )
-i-

region from threshold to 29.J MeV. #a (2)r(2)|.
4 The word "total** In this table refers to the total photoneutron cram 4 This value includes the contribution of #iM (y. *•)• which equals

section #((7. e) + <7. *•) + <?. 2aH-<7. Jo)l. and eadudm the (7. 7) <M»I MeV-b from threshold to 29.3 MeV.
and (7. #) cram .actions.

form NBS-418
ircv. 7-ia.eai
use 0MM.0C 28010- pea PH0T0NUCLEAR DATA SHEET 79
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R. Moreh and 0.

Phys. Rev. 188 .

METHOD

Shahal
EL EM. STM. A

1765 (1969)
As

REF. NO.

75 33

69 Mo 3 hmg

REACTION RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G ABX 8 D 8 SCD-D 0-8 DST

KUtxiir ami inrlasl it' mulrar n-Miiiunl .staUcrim; »f iiinniNlinimalii: |>liul<>iis ’‘As have Iveil studied J-PI, G- WIDTH. 7.646
umiic a 47-vc tlv(l.i) detector. The y source was provided by llivrnial-iiculnin capture in iron. The energy

of the romance level in ute was found to lx: 7.646 MeV. Assuming the high-energy lines to he primary

transitions dccsciting the resonance level, 25 energy levels were found from the ground state up to 2.6 MeV,

seven oi which may be identified with recently reported levels. By measuring the angular distribution of

the scattered radiation, the spin of the scattering level was determined to be J and the spins of 14 low-lying

levels were thus found to be either i or }. The total radiative width of the resonance level was determined and

was found to be T -0.56±0.10 eV and r«/T -0.11. The nAs levels are compared with the predictions of the

Coriolis coupling model.

Tabu I. 7 energies and level energies in ™As from (y, y
1

)

reaction. The level energies are obtained by assuming that the

> lines are emitted in primary transitions. The branching ratio*

of the decay of the 7.646-MeV level are given. Line energies art

accurate to ±4 IteV. Branching ratios of the strong intensity

lines are accurate to ±8%. The existence of 7 lines and levels

in parentheses is uncertain.

y energy

CMeV)
Branching

ratio (%)

Level energies (MeV)
Present work Kef. 5

7.646 11.3 0 0

7.447 1.5 0.199 0.199

7.381 40.9 0.26S 0.265
• • • ... • • • 0.250
• • • ... • • • 0.304

17.242) ... (0.404) 0.401

7.178 9.7 0.468 0.469

(7.078) ... (0.568) 0.572

7.028 2.9 0.618 0.618

• • • • • • • • • 0.322

• • • • • • • • • 1.021

6.570 5.7 1.076 • ••

6.512 6.8 1.134 ...

6.443 2.1 1.203 ...

6.384 1.4 1.262 ...

... ••• ••• 1.3

6.291 0.9 1.355 ...

6.214 7.1 1.432 ...

6.141 1.2 1.505 ...

6.039 1.2 1.607 1.6

... ... ... 1.8

(5.803) 0.1 (1.343) • ••

5.774 2.5 1.372 ...

5.582 0.5 2.064 ...

5.549 1.8 2.097 ...

5.470 0.9 2.176 ...

5.415 1.0 2.233 ...

(5.176) ... (2.470) •••

(5.074) • • • (2.572) ...

5.050 0.5 2.596 ...

(4.959) • • • (2.637) ...

2.596 • • • ... ...

1.911 • • • ... ...

1.799 ... ... ...

1.432 ... ... ...

1.028 ... ...

form NBS-418
IR CV. 7-1 4-841
USCOMM-OC 2*0 t 0- P64
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Ta3LE II. Tartial radiation widths l\, and FA and i radiation strengths of intense transitions from the 7.646-MeV resonance

*e^ most probable stuns and parities arc aiso given where values in [parentheses indicate uncertain determinations* The level

spacing D was taken to he , eO e\ .

Transition

•nergv i.McV)

Level

energy iMeV)

Spin and

parity

1\X 103

(eV)

1'KlX 10s

(McV)"3

iiriXlO*

(McV)"3

7.646 0 z 41 6.8 121

r.sst 0.265 (i-

n

147 27.5 488

7.178 0.46S vi“.n 35 7.1 126

7.028 0.61S ii.j) 10 2.3 40

6.570 1.076 (i“. r> 21 5.4 97

6.512 1.134 (i- n 25 6.6 118

6.443 1.203 (4,4) 8 2.1 38

6.534 1.262 (i.n 5 1.5 26

6.214 1.432 (i- n 26 8.0 142

6.141 1.505 (4.3) 4 1.4 25

6.039 1.607 (4.3) 4 1.5 26

3.< <4 1.372 (4.4) 9 3.5 62

5.549 2.097 (1,2) 7 2.8 51

5.470 2.176 (1,1) 3 1.5 26

5.413 2.233 (2,2) 4 1.7 30

7.646 -V(*r)

Fio. 4. Decay scheme of 7.646-MeV
level of 7iAs showing level energies and
corresponding branching ratios as con-
structed by assuming that all high-energy

y Lines in the scattered spectrum arc

emitted in primary transitions; broken
lines indicate uncertain transitions and
hence uncertain levels. Most probable
spin and parities ior some levels, as-

signed in the present work, are given
where assigncmciits in parentheses are

uncertain. For comparison, the energy-
level diagram as reported in Ref. 5 is aiso

shown.
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REF. H. Arenhovel, J. M. Mai son

Nucl. Phys. A147 . 305 (1970)
ELEM. SVM.

As 75

!

z

I

33

method REF. NO.

70 Ar 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

type range TYPE RANGE

G,G ABX 12-30 C 32 NAI 12- 30 DST

Fig. 7. Differential total scattering cross section at ISO* for 7,As. See caption for fig. 4. In particular

is shown the influence of parameter p on the shape of the scattering cross section.

GETS G.G/ TO 2+

Fig. 4. Differential total scattering cross section at 150° for natural Ti. The full curve through ex-
perimental points is only a guide for the eyes. The vertical bars represent the relative strength of
dipole levels calculated by the D.C.M. with parameters of table 1. Theoretical elastic plus inelastic
scattering is computed from these levels with a common widthr (dashed curve). Experimental inelastic
scattering (histogram) and theoretical inelastic scattering to the first 2* (full curve) are shown in the

lower part of the figure. Open circles give the cross section after background subtraction.

Table 4

Integrated inelastic scattering cross section

Nucleus Limits of

integration

(in MeV)

Experimental *)

J*
ff<(£)d£ (MeV -^ub) 2*

Theoretical
T T'

(MeV • ub)

Total

Tif-^Ti) 16 —24 250= 50 425 109
- -» .

5< V(J1Cr) 16.4-24.9 492- 50 509 116 579
Cr 1 0.4-23.4 431 = 60 509 116 579

,3 As( 7
*Se) 14.1-23.6 1254-120 1373 414 1737

Se(*«Sc) 14.1-24.6 1035-100 1066 353 1419
**Y 364
Cd(ulCd) 13.6-23.3 3264-240 1S94 370 2264
In(“*Cd) 13.6-23.6 2340—220 2173 363 2561
Sn(“°Sn) 14.2-24.2 2363^220 643

*) We assume an angular distribution of the form 1 -r—
ly

cos1 0.
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ref. R. Moreh, S. Shlomo, and A. Wolf
Phys. Rev. C2, 1144 (1970)

EL EM. SVM. A I 2

As 75 33

METHOO REF. NO.

70 Mo 2 hrag

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G ABX 8 D 8 SCD-D DST

(7.646) (7 . 646 )

8 = 7.646. LFT

TABLE HI. Summary of the results of spins, parities, and total widths of resonance levels excited by y rays obtained
. from neutron capture in iron. Parities in parantheses are uncertain.

Isotope

Energy
(MeV)

5-|£r -£,|
(eV) Transition

r«/r
r

(±8%)

rr
(10-JeV)

MCr 3.838 13 el 0* 1 e e • 0.90 750 ±200
7.646 14 ±1 0+ 1- £1 0.64 480 ± 50

• 4Ge 6.013 4.5±0.5 0* 1- £1 0.19 120 ± 15
75As 7.646 7.4 ±0.3 3/2“ i/2<

+> • • • 0.11 360 ±100
,mas 7.632 9 ±1 1/2- 3/2 ... 0.7 2* 1
,::Cd 7.632 4.3± 0.4 0

*

1- £1 0.55 86 ± 15
s '3La 6.013 8.2 ±0.6 7/2* 7/2- £1 0.S0
l4,Pr 7.532 11-44-j 5/2 5/2

* Ml 0.46 72li
4

tosri 7.646 9.3± 0.3 1/2* i/tf-J • • • O.SS 980± 90
M«pb 7.279 7.1 ±0.3 0* i* Ml 1.00 780 ± 60

TABLE IV. Effective elastic scattering cross section

(r0/T7 )'I-(x0 .f 9) > where 6, J, r
5 , Ty were

taken from Table HI. The temperature of the scatterer
was 300*K, while that of the iron y source was 640*K.

Target

Resonance

energy

(MeV)
<*->

(mb)

MCr 8.338 905
«Ni 7.646 569
74Ge 6.013 61
75As 7.646 4.4

l0»Ag 7.632 3.5

»«Cd 7.632 193
133La 6.018 39
14,Pr 7.632 20

205ri 7.646 574
:MPb 7.279 5560

FORM NBS-418
(R EV. 7-1 «.««>
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G. J. Kumbartzki, Ung Kim and Ch. K. Kwan

Nucl. Phys. Al60, 237 (1971)

MFTHOO

j

ELEM. SVM. A Z

I

|

As

RE c
. NO.

75 33

71 Ku 2 egf

RESULT
EXCITATION SOURCE oetector

REACTION ENERGY TYPE RANGE TYPE RANGE
ANGLE

G.SPL ABY THR-999 C 900 ACT- I 4PI

d (A,Z) = Kexp [PA-R (A-SZ+TZ
2

)

2
] ,

cross section per equivalent quantum.
n *

i over i

FORM NBS-418
(REV. 7-1 *-64)
U5C OMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 84

u.s. oepartmentof commerce
NATIONAL. BUREAU OP STANOAROS



03

02

6

4

3

2

30

<>1

g 20

r»
u

o to

— a

O7
40

30

20

10

20

01

: *»Se

I -H rrt M
°K :

-t-t—rt-t-t-*— :

47s«

-t-t i

**S«

: -H

—

f
-rt—r*-

*'A,

-H—

:

“s« 39
CI

•

43
$«

: -H-

—

38
CI

*

t- -

-n—rt t

I
a, k

I 1 1
1 1 1 1 1

34m
ci _

ij.—

-

-(-t

—

t_rt -

i t i t ' >
i

s
s

4

3

2

1

02

06

02

06

04

3

2

1

03

04

03

02

10 12 14 16 ta 20 2 2 10 12 <4 16 '3 20 22

E.tGeV )

Fig, 5. Yields of spallation products using vanadium targets.

85



REF. Eh. EM. SYM. A

METHOD

Tatsuya Saico
Nippon Kagaku Zasshi 9_2, 164 (1971) As 75 33

REF. NO.

71 Sa 1 egf

REACTION result
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE
„ RANGE

G,N ABY 10-68 C 10-68 ACT -I 4 PI

Nippon Kogotu ZouM. 97. 1*4— I*6(lf71)

Th* Ylaldt of RadioactivitU* Induead by [f, m) Rood ions

with ramsstrahlvng up to 64 MoY

by Tolswyu SAITO

Tlie (f, a) yield* of 12 target nuclides have Itecn nwawrul

at 10, 13, 1C, 30, 43 and Gtt MeV bretuntraidung liy olnrrv-

ing tltc indurctl activities.

Tlie energy tlepmdcnce of tltc yield* lia* been invr\tigaled

extensively in tltc same way a* in tltc previous work at 2U

MrV limimlralilung.

In tltc rase nf Iwavy nuclides, tltc yields rise greatly as a

function of maximum bombarding energy up to 20 MrV, and

rise gradually from 20 MeV up to GO MeV. However, in tltc ease

of light nuclide*, I lie yield* rise greatly up to 30 MeV, because

the neutron separation energies of light one* are larger than

those of heavy ones, and the bremsstrahlung spectrum cover*

the giant resonance and so the yield* rise gradually from 30

MeV up to 68 MeV.
The yield* have approximately been* estimated from the

parameter of tlie giant resonance, that is the prak cross section

and the half width, in order to com|iare with the experimental

data. As a result, tic experimental data of light nuclides and

lieasry one* are nearly in agreement with the estimated tiaia

of Nallians ct al., Johns ct al. and Montalbctti cl ai., but those

of medium weight ones arc relatively lower values.

Daparlmaat af CktmiUry, Fatuity af Stunt*, Tabaka Uaiamity,•

KaUkira-tka, Stndni-tkn, Japan

• : T.ttW, ©: John* h,

O: Nathan* A> , O: Monlalbrtti &

4 t«

FORM N3S-418
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REF
- m. Eriksson and G. G. Jonsson

Nucl. Phys. A242, 507 (1975)

EL EM. SYM.

As

A

75

z

33

METHOD REF. NO.

75 Er 2 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.SC44 ABY THR-800 C 250-800 ACT-I 4PI

[able 2

Comparison between experimental and calculated cross sections and isomeric ratios

(mb) <tmc (mb) ast (mb) <r(m)Wg)tI| <r(m)/a<g)MU ISOMER RATIO
Target

250-800 MeV 400 MeV 25O-S00 MeV 250-800 MeV 400 MeV

*5Sc as 0.5 0.58 ±0.05 *0 0.05

s«v 3: 0_5 0.48 ±0.05 0.47 0.7 0.72

”Mn 0.40±0.14 0.59 ±0.05 0.28 1.08 ±0.04 1.04

Fe 0.40±0.14 0.26 1.00 ±0.05

s,Co 0.26±0.10
0.34 ±0.04

0.65±0.07*)
0.18 I.26±0.06

1.12

1.15*)

75As 0.01 ±0.01 0.044 1.9 ±0.3

•) 325 MeV.

Fig. 6. Isomeric ratio <T,l*
4n

’Sc) <r,('
14,

Sc; versus brsmsstrahlung end-point energy for the different
targets. Sc target: - this work.- ref.

15
). y - ref.

I<
’). V - ref.

,7
). + - ref. 6- ref. '»); V target:

dashed curve -ref.

:n
), dashed area -ref.

:i
>; Fe target

: O -this work; Mn target: A- this work;Co target:
- this work: As target: V - this work.

15) S. A. Steinberg. B. Sc. thesis, Univ. of Illinois, 1963, unpublished (value taken from ref. •*))

16) J. R. Tatarczuk and H. A. Medicus, Pnys. Rev. 143 (1966) 81S

17) T. Kato and Y. Oka, Talanta 19 (1972) 515

18) R. Volpel, Nud. Phys. A182 (1972) 411

19) W. B. Walters and J. P. Hummel, Phys. Rev. 150 (1966) 367

20) B. Bulow. Lund, private communication (preliminary results)

21) R. A. Meyer, thesis, Univ. of Illinois, 1963, unpublished
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P. Carlos, H. Beil, R. Bergere, J. Fagot, A. Lepretre,

A. Veyssiere, G. V. Solodukhov

Nucl. Phys. A258

,

365 (1976)

ELEM. SVM.

As 75 33

REF. NO.

76 Ca 1 egf

REACTION result
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 10- 26 D 10- 26 MOD—

I

4PI

G,2N ABX 18- 26 D 10- 26 MOD—

I

4PI

987+

Fig. 7. Partial photoneutron cron sections [<x(yt a)+a(y, pn)J and a(y, 2a) Tor 71As. Arrows Bm
and Btm indicate theoretical threshold values for (y, a) and (y, 2a) reactions respectively.

Tabu 3

Integrated photoneutron cron sections and comparison with sum rules

Nucleus “Zn j‘*Ga

\
7,Ga

7,Ge 71Ge 74Ge 7*Ge 7,As 7*Se T,Se ,0Se "Se

£* (Mevj 29 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5

<7o« (Mev • b) 0.75 0.91 0.78 0.94 1.02 1. 12 1.09 1.01 1.06 1.11 1.13

OonA
0.78 0.87 0.75 0.88 0.94 1 0.98 0.90 0.92 0.94 0.95

0.06 N2

B.-B„ (MeV) 4.2
(3.7

11*4
3 1 -0.8 -2.6 3.3 1.7 0.1 -1.5 -3

<r_i. (mot 38 52 44 54 59 64 63 58 62 65 67

<r_i,A"! (mb) 0.15 0.18 0.15 0.18 0.19 0.20 0.20 0.18 0.19 0.19 0.19

<t_ j. (mb* MoV" 1

) 2.0 3.1 2.5 3.2 3.6 3.9 3.7 3.4 3.8 3.9 4.2

0*b- MeV"') 1.9 2.6 2.1 2.6 2.8 2.9 2.8 2.5 2.7 2.6 2.7

uscoMfc The notation used is defined in the text. The average experimental errors Aa0Ja<*, dff.Jff.u and are approximately 8 %. 88



ref. y. Cauchois, H. Ben Abdelaziz, R. Kherouf, C. Schloesing-Moller

J. Phys. G7, 1539 (1981)

METHOD

EL CM. SYM.

As 75

REF. NO.

81 Ca 2

33

hg

REACTION RESUL

T

EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE

G,G LFT 0-2 C 0-2 SCD-D

(.572 - 1.370)

7 LEVELS,. 57-1 .37MEV
Abstract. Lifetimes of 49 excited states below 1.65 MeV have been measured in

24
Mg. J7

AI.
4,
Ti.

3,
Ni.

3,
Co. “ MNi.

4J43
Cu.

*4' t
*‘‘*Zn.

75
As,

l01
Rh.

,a,l3
In.

"‘‘‘“•' 20
Sn and

,2, - 123Sb
by means of nuclear resonance fluorescence experiments. The levels are excited by
bremsstrahlung x-ray photons. The self-absorption technique applied to suitable cases

provides nuclear absorption cross sections, widths and lifetimes from which the x-ray

spectral distributions are also obtained. Scattering experiments are performed for all other

cases in order to obtain widths and lifetimes from these x-ray photon curves. The Compton
effect in the sample is taken into account. Self-absorption provides gfo from which T is

deduced using adopted J' and T0/T values; scattering provides u=g<ro/n»W from

which T is also deduced with 7, r0/T and mixing ratios taken from the literature. Thanks to

simultaneous determination of the x-ray spectra all the lifetimes as given by our programs
with their statistical errors form an unusually coherent set of values.

NUCLEAR REACTIONS (y. /). bremsstrahlung excitation: natural isotopes:
24
Mg.

27
Al. **Ti.

5,
Ni.

!

’Co.
“ ‘2

Ni,
4,'*3

Cu. ““•“Zn, 73
As.

lw
Rh. ,a,,5

In.
"*k "*- ,20

Sn
and

,2, -‘ 23
Sb: £ = 0.5-1.65 MeV; measured gfo or girl/HUT#): deduced T,n .

(OVER)

form N8S»418
(R EV. 7.14.94) ,

USCOMM.QC 2601 0- P64 '

u.s. department o c :c..iMr;pc-_
NATIONAL BUREAU C" ST. A^OSPHOTONUCLEAR DATA SHEET 39



Tableau 3. Resultats des mesures des niveaux studies par diffusion.

Table 3. Results obtained using the diffusion method.

Isotope Energie (keV) J’ J5 r0/r s
u=gi.ri/rmo) r(pS )

(tne V) ce travail r«f (ps) Refercnccst

"Mg 1368,59(4) 2 * 0*
i E2 1,08(13) 1.76(21) 1.98(4) Eiuit et van der Lcun

17
Al 1014.45(3) i* i* 0.971 + 0.351(12) 0.186(13) 2.20(16) 2,12(8)

(1978)

Endt et van der Leun

**Ti
3,
Ni

983.512(3)

1454,45(15)

2
*

2
*

0*

0*
i

i

E2

E2
0.282(23)

2.11(26)

6.74(55)

0.90(11)

6.1(13)

0,92(3)

(1978)

Been (1978)

Kocher et Auble

37Co
3,Co
3,Co
“Ni
w
Ni

‘JCu
wCu
MZn
MCu
“Zn
**Zn
75
As

yAs
75
As

71As
71
As

1099,224(25)

1458.8(3)

1480.9(3)

1 185,7(6)

1172,91(9)

1327,00(7)

1412,05(4)

991.54(7)

1481.83(5)

1039,37(6)

1077,38(5)

572.5(10)

823,0(10)

865.5(10)

1076,0(10)

1128.5(10)

i-

r
i-
j-

2*

2*
7-t
:

2*

2*

i~

l-

i'

r

l-

i-
7-
2

i-
0*

i~

i-
0"

j-

0*

0*

i-

i-

i-

i-

i

0.91

0.8

0.77(8)'

1

0,84

0.72

1

0,85

l

1

1"

0,86"

0.33*

0.94*

1

(E2)

(E2)

<0.35*

|0,I4|

E2
(E2)

+o.6i}:J{

E2

(E2)

E2

E2
0,39*

(E2)
e

0,38'

El*

0.069(8)

0.68(8)

1.23(15)

1.88(49)

0,88(17)

1.04(14)

0.260(38)

0,640(54)

1.13(19)

0.70(6)

0,70(6)

0.236(26)

0,214(22)

0,78(6)

1.97(13)

0.224(24)

4,79(55)

1,17(14)

0.254(31)

0.21(5)

2,15(42)

0.84(11)

1.90(28)

2,97(25)

0.79(13)

2.71(23)

2.71(23)

4,14(46)

4,27(43)

0.863(68)

0.287(19)

1,47(16)

3.17(58)

1.52(16)

0.31(3)

0,16(3)

2.09(3)

0,88(4)

1,61(3)

2.60(13;

0,49(5)

2.25(15)

2,34(23)

3.5(9)

3.5(3)

0.60(12)

0.32(7)

(1976)

Kim ( 1976)

Kim(1976)

Kim (1976)

Andreev et al ( 1974)

Halbert ( 1979a)

Auble (1979b)

Auble (1979b)

Halbert (1979b)

Auble (1975a)

Auble (1975b)

Lewis (1975)

Horen et Lewis (1975)

Robinson era/ (1967)

Celliers «a/( 1977)

Celliers el al (1977)

”As 1349.0(10) i- i- 0.67* 0.20“ 1.61(29) 0.180(32) 0.12(3) Wilson (1970)
T5 As 1370.0(10) i- l- 0.4

7* 0.47* 0.64(13) 0,218(44) —
l0JRh 803.1(2) !- 0.70 Ml 1.85(16) 0.174(15) — Harmatz ( 1979)
,UJ Rh 1277.0(2) i 1- 0.75 -0.62(30)' 0.8 lt9) 0.8 7( 10) 1.3(9) Harmatz ( 1979)
" 3

ln 1 177(1) r r 1 + 0.5(2) 9.1(8) 0.086(8) 0.10(6) Tuttle el at ( 1976)
IIJ

ln 1510(1)
7 .

2
?• 0.935 -o.s}:]{ 6.4(9) 0,071(10) 0.1 !i ’ll Tuttle et at ( 1976)

“ 3
ln 1077.7(10) i* j* 0.81' (E2) 0.159(24) 1.61(24) 1.23(7) Tuttle et al ( 1976)

,l3
ln 1290.59(3) i- 0.98' (E2) 1.3 1( 1 1

)

0.66(6) 0.55(4) Tuttle et al ( 1976)
ll3

ln 1448.78(3) v 0.86 — 8
f

0.90( 1 1

)

0.50(6) 0.52(20) Tuttle et alt 1976)
ll3

In 1486.1(1) ?• ?* 0.787 — 0.8
r

0.63(9) 0.63(9) 0.4(3) Tuttle et al ( 1976)
ll3

ln I497.:i4) < 5
*

> V < 1 (E2) 1.33(16) < 0.30(4) —
ll3

ln 1607.8(15) (;‘) V $ ! (E2) 1.54(24) 0.26(4) —
"‘Sn 1293.54(2)

“7 * 0*
1 E2 3,58(37) 0.53(6) 0.522(14). Carlson et al ( 1975)

"*Sn 1229.64(4) 2* 0’
1 E2 2.75(28) 0.69(7) 0.67(2) Carlson et al ( 19761

l20
Sn 1 171.6(2) 2* 0'

1 E2 1.83(16) 1.04(9) 0.91(2) Kocher (1976)
1JI
Sb 1023.5(10) V «

*

1 |0.57|* 3,69(34) 0.228(21) 0.200)" Tamura et al ( 1979)
,2
'Sb 1 105.5(10) V 7 *

2 0.4 — 0.47(4) 0.42(4) —
lll
Sb 1142.5(10) J*

J* 0.6 (E2) 0.85(8) 0.449(40) 0.4 l(8)
h

Booth et al ( 1973)
,JI
Sb 1384.0(10) 1* }•

I |0.45(
*

4.7(5) 0.092(10) 0.088(14)" Booth et al ( 1973)
,JJ
Sb 1029.5(10) 1*

2

”
1 |0.57|* 2.96(27) 0.272(25) 0.26(4)'’ Booth et al ( 1973)

IJ3
Sb 1086.5(10) ?’ 7 *

I |d| > 1.26* 1.06(9) 0.67(6) 0.72(15)" Booth et al ( 1973)

t References pour les colonnes 3. 4. 5. 6 et 9 de chaque ligne, sauf indication appclee au bas de cc tableau. Pour les autres donnees se reporter au

texte.

Remarque. Pour calculer <5
2 quand nous ne disposons que de fl(E2), pour un melange (E2) + (MI). nous deduisons gfo(E2)ar\B(E2)E? ; en

admettant IV(9)= 1 et connaissant r0/T, notre determination de u donne une premiere approximation de ^To d’ou unc valeur Je

6
1

=<xr0 (E2))/(^r0 -gr0(E2)) qui perrnet d’ameiiorer W(9) et gTo de proche en proche.

' Swann ( 197 1 );
b Robinson el al ( 1967);

c
lf(i9) = 0.99 caleule d'apres la formule de Celliers el al (1977); * Abbondanno et all 1978); ' Saver et at

< 1972);
'

Tuttle el at ( 1976); 1 d’apres B(E2) de Barnes el at ( 1966); " calcule d'apres Booth el at ( 1973);
1

Williams et al ( 1975); > Dietrich et al

(1970).
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SELElIUTi

Z=34

C
E

Selenium was identified as an element in 1817 by

J. J. Berzelius a professer of chemistry in

Stockholm, Sweden. While looking for a method of
producing sulfuric acid, he observed a sediment
with an offensive odor — an indicator of the scarce
element tellurium discovered thirty-five years
earlier. Further analysis showed it to be a new
element with chemical properties similar to cv

tellurium. 3ecause these elements were so closely
related, Berzelius named the new substance selenium,
from the Greek word selene

, meaning the moon
since tellurium was named from the Latin word tsllus

,

meaning the earth.

On
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C. L. =..-*1 . o I .VI.

Se

REF. NO.

63 Ka 2 NVB

REF.
T. Kaminishi, C. Kojima

Jap. J. Appl. Phys. 2 , 399 (1963)

METHOO
Linac; isomer yield; activity

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G/ RLY 1 C5 ACT-

1

k?l

(0.16)

Table II. The isomers observed

Isomer
Observed value Referenced value 111151

Half-life Energy (MeV) Half-life Energy (MeV)

Se-77m 17.5 sec 0.160 17.5 sec 0.161

Br-79m 4.80 sec 0.209 4.8 sec 0.208

Sr-87m 2.3 hr 0.390 2.8 hr 0.338

Y-89m 15.0 . sec 0.920 14 sec 0.915

Rh-103m 58 min * 57 min 0.040

Ag-107m I \
44 sec 0.094

Ag-109m \
42 sec

J-

0.95
40 sec 0.088

Cd-lllm 47 min 0.150,0.255 49 min 0.150,0.247

In-I15m 4.5 hr 0.335 4.5 hr 0.335

Sn-117ra 17 day 0.160 14 day 0.159,0.161

Ba-137m 2.6 min 0.660 2.6 min 0.662

Er-167m 2.10 sec 0.209 2.5 sec 0.208

Hf-179m 18.5 sec 0.157,0.215 19 sec 0.161,0.217

W-183m 5.4 sec 0.200,0.170,0.115 5.5 sec 0.1025,0.2915 other

Ir-191m 4.90 sac 0.129, <0.07 4.9 sec 0.042-0.129

Pt-195m 4.5 day 0.065** 4.1 day 0.031-0.130

Au-I97m 7.0 sec 0.10,0.27,0.40 7.2 sec 0.130,0.270,0.407

Hg-199m 43 min 0.160,0.370 42 min 0.158,0.368

* This isomer was measured with a G-M flow counter.

** This value corresponds to Pt-K X-ray cue.*. ,y.

Table III. Induced activation rate

Element
Beam
energy
(MeV)

Counting rate
( X 10000 cpm) Sample for:..

Se 5 1300 metallic pellet

Br 4 1600 NaBr grain

Sr 6 0.3 SrCGj powc...

.

Y 5 90 metallic

Rh 5
v0.2i* RhClj grain

Ag 5 130 metallic plate

Cd 6 0.5 CdCU grain

Tn 6 3 metallic plate

Sn 6 0.0005 metallic pic.u

Ba 5 0.6 BaS powder

Er 4 4900 Er:0 3 powde.

Hf 5 1600 metallic plate

W 5 120 metallic powc.er

Ir 5 2100 metallic powder

Pt
-

0.3 metallic plate

Au * 4300 metallic plate

Hg 6 0.09 metallic liqu:d
”

u * The value measured with a G-M flow counter PHOTONUCLEAR DATA SHEET 93
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CL C.M . O T I*.

A. Veres
Acta Phys. Acad. Sci.Hung. _l6, 261-73 (1963) Se 34

METHOD REF. NO.

Radioactive source 63 Ve 2 NVB

REACTION RESULT excitation
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,G/ ABX 0-1 D 0-1 NAI-D

ISOMERS

TaoJinua II

Pi3MepcHHue 3H3NeHMH nooie oojiyNeHiiH. cpaBHHaaeMbic c apyntMM JiirrepaTypHUMti

AaHHUMM

3A8MCHT

AKTH»HOCTk
O&nyMCHMH

nocJJe

Aktmbh.
OKCTpn.

»
KOHUO

JlyTepaTypHwc
OAHHUe

XUhmu*
HOMCp«HHA

nepaoro
HPMCpCHMfl
(MMn/MHH.)

oo/iyM.

(hmW
MHH.)

T.„
£

(KM) Tilt
E

(K3»)

(10~“CM*) (10—*»•)

Se-77m 3842±96 5400 17,5 ceK. 160 18,1 ±1 cen. 160± 10 9.5 1,75

Sr-87m 191 ±5 200 2,8 k. 390 Z9±0.1 m. 365 ±25 0,85 0,2

y-89m 96±20 170 16ceK. 910 16,7±5 ceK. 0,08 0,02

Rh-103m 28±5 31 57 MHH. 40 58±2mhh. 20,5±0,5 0,08 0,01

Ag-107tn 220± 14 250 44 cen. 93 43,8±0,6 ceK 91 ±10 0,8 0,2

Ag-109m 39 ceK. 88

Hf-179m 80±18 155 19 ceK. 160;
215

19±2ceK. 1 0,2

Ir-191m 90±20 250 4,9 ceK. 42;
130

5±2 cex. 5,6 1

Pt-195m 90±9 100 3*5 A* 31;

100;

130;

3,5 ±0,2 A*

32±3
67,5±5
96±5
130±10

0.2 0,04

Au-197m 240±16 520 7,2 cex. 130;

277;
407

7,2±1 cex. 68:130:

280±20
390±20

0,07 0,01

Hg-199m 9,6±3,2 42 MHH. 160;

370
0,005 0,001

AtM Pkjt. Hmttg. r«. XVI. fw. 3.

FORM NBS-418
(R EV. 7. t 4.841
U9C OMM*OC 28010.P84 PHOTONUCLEAR DATA SHEET 94
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ReF
- G. Ben-David, B. Arad. J. Balderraan, and Y. Schlesinger
Phys. Rev. 146 . B852 (l966)

EL EM. SYM.

Se 34

METHOO

Nuclear Resonance Scattering using N,G reactions.

REF. NO.

66 Be 3 JDM

REACTION RESULT
EXCITATION
ENEROY

SOURCE DETECTOR
ANCLE

TV PC RANOI TYPE RANGE

G,G RLX O1tr> D 5-10 NAI-D 5 - 10 135

Fig. 3. Histogram of distribution of observed resonances among the different targets. The atomic number is given directly beneath
the chemical symbol followed by the neutron numbers of the naturally occurring isotopes. Magic numbers are shown in brackets.__

rom. MRS-418 /

ip « v . y - » «.«4»
• I -f r>r ;eoifl.P84

Table III. List of effective cross sections.

Scatterer

Entriy G»mm»
(MeV) eourc*

4

(mb) Scatterer

Energy
(MeV)

Gamma
source

<

(mb)

Sm«* 8.997 NI 100 Sn 7.01 Cu 110
p rui 8.881 Cr 9 Nd 6.867 Co 30
La 8.532 Ni 6 prui 6.867 Co 3
Te 8.532 NI 3* Te 6.7 Ni
Cu 8.499 Cr 24 La 6.54 12
Zr 8.496 Se 3050 Cd 6.474 Co 110
Zn 8.119 Ni 13 Mo 6.44 Hg 25«
Se 7.817 NI 50 La 6.413 Ti 72
Se 7.76 1C 90 Mo 6.413 Ti -

10
Sb 7.67 V ...b Tl 6.413 Ti 25Cd 7.64 Fe 40* w ^6.3 Ti . . -b
Ni 7.64 Fe T Sb 6.31 Hg
p rm 7.64 Fe 12« Ti 6.31 Hg 2«
Ti 7.64 Fe 370* Sn 6.27 75
La 7.634 Cu 7 Pb*** 6.15 GdMo 7.634 Cu 11 Te 5.8 Ni . . .1

Bi** 7.63* Cu 4 La 6.12 Cl 35
Te 7.528 NI 66* p riu 6.12 Cl 110
Bi*" 7.416 Se 100 Pt 5.99 Hg 40*«
Bi»» 7.300 As 80

. Tl 5.99 Hg 5*
Pb*** 7.285 Fe 4100 Pb“* 5.9 . . .a
Cl 7.285 Fe 34 Ce 5.646 Co 17
prut 7.185 Se 80 Bl** 5.646 Co 55
Tl 7.16 Cu 120 Pb*** 5.53 70
La 7.15 Mn 50 H* 5.44 Hg 75«
Bi"» 7.149 Tl 2000 Hg 4.903 Co 385

• High-energy component of a complex spectrum.
•A broad scattered spectrum with no observable peak structure.
• There are actually two lines of energies 7.647 and 7.633 MeV having

equal intensities in the iron capture gamma spectrum. The cross section
has therefore been corrected, although there is no possibility at present of
deciding which line is responsible for each resonance.

4 Is probably an independent level^Jn- the complex spectrum of Ni t
rays on Te.

• Rough estimate.
1 May be inelastic component from 7.528 level in Te.
sThe relative line Intensities la this case are due to Groshev and

co-workers.

!
No| in« k known for the source at this energy.

• Difficult to resolve among the many ware* Lines present at this energy.

95PHOTONUCLEAR DATA SHL*.



REF.

R. Wendling and R. Kosiek
Z. fur Physik 192 . 502 (1966)

ELEM. SYM.

Se

METHOO REF. NO.

66 We 2 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G . A ABX 6-33 Q 33 SCD-D L- 16 90

(32.5)

Tabelle

Element Dick*
(mg/cmJ)

Gcumt-
auflduing
(keV)

Geumuahl
gemciicner
a-Tcilchen

Auibeute
Gib/MeV tier)

Ausbcut*
10* N%
Mol* r

(MeV)
E.n».
(MeV)

A1 2.35 770 14600 1.3 ±0,2 3,5 +0.6 (»3.5) 3,5
Ar 200Torr 480 5200 3.0 ±0,5 8,3 +1.3 5.2 3.5
Se 3.72 790 12200 0.28 + 0,04 0,76+0.12 9,2 4.5
Ag 3.12 670 3150 0,12 + 0,02 0,33 + 0,05 11.8 6,5

Fig. 1. « Hutogramm: Gcmeavene Energicvcrteilung und differcmiellft Auabeutc der Phoio-a-Tcilchcn.

b Kurve: Berechnetcs Spcktrum. N4here Angaben im Teal

FORM NBS-418
(REV. 7-14-04)
U3C OMM-OC 20010-P04 PHOTONUCLEAR DATA SHEET 96
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REF.

S. Costa, F. Ferrero, C. Manfredotti,
and H. Arenhovel

Nuovo Cimento 51B . 199 (1967)

METHOD

L. Pasqualini, G. Piragino,
ELEM. SYM. A z

Se

REF. NO.

>4

67 Co 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABX THR- 24 C 11-24 BF3-I 4PI

FI*. 1. — Corrected (y, Tn) crou*scctioa for So. The dipolo strengths, calculated for "ffc, its
indicated by tho vertical ban.

form NBS-418
(REV. 7-14-04)
U3C OMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 97
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S. M. Hu-vain and K. G. McNeill
Can. J. Phys. 285 L (1967)

METHOD

ELEM. SYM.

Se 34

REF. NO.

67 Hu 2 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABY THR- 22 C 22 THR L- DST

Si

YIELD AT Eo 22 MwV
ACTIVATION BY PHOTONEUTRONS

J1,

nyi
elds^ fast Photoneutrons from various elements as measured in the presentworit and by Baker. The present remits have been normalized to Baker's measurements for

SOOOr • PRESENT WORK
• BAKER ( I960)

Pbs

1-

o I 000
o

o 500
N
•»

z
D
O
u

V 9

.

9

#
•Zll

£
«C4

100

«N1

10

_ .1

30 SO 70 SO

ANISOTROPY COEFFICIENT -a a

F,c. Z The anisotropy coefficients a,, in the formula W(9) - a,(l + a,P, 4- a,P,\plained in the present work, and those obtained by other workers in the same part of the
Periodic Table. ^

TABLE I

Element «»• at
»

(St

Nickel 77(1.0±0.05) 0.14±0.04 • —0.34±0.08 t

Zinc 236 (1 .0±0.04) 0.06±0.03 —0.30±0.04
Selenium 525 (1 ,0±0.05) 0. 10±0.04 —0.25±0.05 1

Zirconium 380 (1 ,0±0.05) 0.03±0.04 —0.27±0.05
;

Niobium 392(1.0±0.03) 0.0l±0.02 —0.30±0.03
Molybdenum 410 (1 ,0±0.03) 0.05±0.03 —0.41±0.04
Cadmium 755(l.0±0.02) - 0.05±0.01 —0.28±0.02
Tin 955 (1 .0±0.02) 0.08 ±0.02 — 0.30±0.02
Lead 2274 (1 ,0±0.02) 0.06±0.02 —0.48±0.02

•For comparison purposes (lie experimental value of as for Pb has been normalized to coincide with
that obtained by Baker and McNeill UOfll) and Is the yield per -»!* per 100 roentgen. All other
values of os have also been quoted with the same normalization.

FORM NBS-418
(REV. 7- I a. 04)
USC OMM.OC 200I0-P«« PHOTONUCLEAR DATA SHEET 98
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Fig. 8. Differential total scattering cross section at 130* foe natural Se. Sea caption for fit. 4.

Fig. 4. Differential total scattering cross section at 150* for natural Ti. The full curve through ex-
perimental points is only a guide for the eyes. The vertical bars represent the relative'strength of
dipole levels calculated by the D.C.M. with parameters of table 1. Theoretical clastic plus inelastic
scattering is computed from these levels with a common width/

1
(dashed curve). Experimental inelastic

scattering (histogram; and theoretical inelastic scattering to the first 2* (full curve) are shown in the
lower part of the figure. Open circles give the cross section after background subtraction.

Table 4

Integrated inelastic scattering cross section

Nucleus Limits of

integration

(in MeV)

Experimental *)

| o t(E)dE (MeV • ,ub) 2*
Theoretical *)

*)/

(MeV-.ub)
Total

Ti(**Ti) io —24 250= 50 425 109 -34
3I V(52Cr) 16.4—24.!) 492= 50 509 1 15 5 "9

Cr 16.4-23.4 431= 60 509 116 579
7iAs(,4

Sc) 14.1-23.6 1254 = 120 1373 414 i 737
Se(*°Se) 14.1-24.6 1035-100 1066 353 1419

564
Cd( lllCd) 13.6-23.3 3264-240 1S94 370 2254
In(“‘Cd) 13.6-23.6 2340 =220 2173 3a5 256;

Sn(“°Sn) 14.2—24.2 2363 ±220 643

*) We assume an angular distribution of the form 1 — -JL- cos1
9.

FORM HBS-418
(REV. 7.1 4-S4 I

uscomm-oc 2aoio.P84 PHQTONUCLEAR DATA SHEET 99
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S. Costa, L. Ferrero, L.

Lettere al Nuovo Cimento

METHOD

Pasquallnl, and E. Mancini
2, 665 (1971) Se

REF. NO.

71 Co 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G.XN ABI 36-64 C 10-64 BF3-I 4PI

FAST N YIELD

Fir t. - Experimental photoncutron croee-eectione interrated over photon merry between 38 and

64 MoV and divided by NZIA ore plotted as o function of tho moaa number, Mack dote ore total crose-

sectioaa not corrected for nentron muitlpUcity; open circles represent fast neutron croao-eectiono (aee

text). Tbe dashed Unas ore drown only to ruida the eye.

Fl8. 3. - Tbe ratio between • foot • and total photoneutron intermted croaa-eoctiona os a function Of

the maae number A. The solid line represents a lit of the ratios calculated for some nuclei by taking

Into account the theoretical neutron enerry spectra given by Gabriel and Alsmillek (*) and the effi-

ciencies of our detector (tee Fig. 1).

form NBS-418
IB EV. 7-1 *-««)
USCOMM-OC 2S010-PS4 PHOT0NUCLEAR data SHEET 100

u.s. OEPARTMENTOF COMMERCE
NATIONAL BUREAU OF STANOAfiOS



REF. ElEM. SYM. A L

R.F. Barrett, J.R. Birkelund, B.J. Thomas, K.S.

Nucl. Phys. A210 , 355 (1973)

METHOO

Lam, and H.H. Thies
Se

REF. NO.

34

73 Ba 20 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OET ECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N N0X THR- 27 C 10- 27 BF3-I 4PI

Fig. 12. Experimental values of the level density parameter a9 (Fermi gas formula plus pairing cor-

rection) versus atomic number A. The continuous curve is a least-squares fit to the data of a

theoretical calculation from Newton 13
).

MEAN NEUT ENERGY

1

H. Baba and S. Baba, Japan Atomic
Energy Research Institute report
JAERI-1183 (1969).
2

H. Baba, Nucl. Phys. A159 , 625

(1970).
15

T.D. Newton, Can. J. Phys. 34 ,

804 (1956)

.

Fig. 15. Ratio a99Ja9 versus atomic number A. Here a.*, is the level density parameter taken from
the neutron resonance work of refs. *• 2

), and a9 is the level density parameter derived from the

present (y, n) work. Filled circles represent points where nuclei in the neutron resonance and in the

('/< n) experiment were the same. Open circles represent points where the respective nuclei were
approximately matched. Triangles represent points which are based on measurement of neutron

mean energies at two bremsstrahlung energies only.

(over)

FORM N3S-418
(R EV. 7-1 A. 64)
USCOMM.OC 20010- PSA PHOTONUCLEAR DATA SHEET 101

U.S. DEPARTMENT OF COMMERCE
NATION AL BUREAU OF STANDARDS



Table 3

Comparison of experimental and theoretical data on nuclear level densities with Fermi gas

formulae, and comparison of nuclear level density parameters from (/, n) and n-resonance

absorption experiments

Target N
(residual

nucleus) *)

Goodness
of fit*)

no with

p.c. p.c.

£.(24) T a,

(MeV)*) (MeV) 4
) (MeV 1 )*) (MeV" 1)')

a+Ja,

Ti *) 23 8% 1.93 8.1-47Ti 6.4I-‘7Ti 0.79

24 8%
25 73%
26 5%
27 5%

'v> 27 100% 1.96 8.7-50V 6.35-5,V 0.73

Cr 25 4% P G 1.89 8.6-stCr 6.9 -,lCr 0.80

27 84%
28 10%
29 2%

Mn 29 100% V.P. G 2.1 8.2-54Mn 7.82- 5‘Mn 034

Fe 27 6% F G 1.96 8.0-55 Fe 7.06-,5Fe 088

29 92%
30 2%

Co 31 100% P F M2 7.7-5,Co 8.35-‘°Co 1.08

Ni 29 68% V.P. P 2.04 1.4 6.5-577Ni 7.19-’»Ni 1.10

(Z = 28) 31 26%
32 1%
33 4% %

35 1% *

Cu 33 69% V.P. P 1.78 1.0 9.8-#1Cu 8.90-**Cu 0.91

35 31%

Zn 33 49% F F 1.61 10.5-‘**Zn 10.0-**Zn 0.95

35 28%
36 4%
37 19%

As 41 100% V.P. F 1.44 14.5-7*As 12.81-7‘As 0.88

Se«) 41 9% 1.39 l3.3-
7 *Se 12.8 -T,Se 0.97

42 8%
43 24%
45 50%
47 9%

Br 43 45% V.P. V.P. 1.41 14.5-7,Br 12.69-,0Br 0.88

45 49%

Sr 47 10% F G 1.31 13.6-,TSr 11.4 -*7Sr 034
48 7%
49 83%

*) Neutron numbers and abundances of respective residual nuclei in (y, n) experiments.
b
) These give an assessment of the goodness of fit of a calculated £„ versus E0 curve to the

observed data, using the Fermi gas level density formula both without and with pairing corrections.
c
) Bremsstrahlung photoneutron mean energies £„ for peak bremsstrahlung energy E0 = 24 MeV.

*) Nuclear temperature from fit with constant-temperature formula.

•) Level density parameter a9 derived from the present (y, n) experiment, using a Fermi gas

formula plus pairing correction, and corresponding residual nucleus (the atomic weight shown is

the weighted average of atomic weights of the respective isotopes present).
r
) As column 7, but using data on n-resonance absorption from refs. '•*).

*) Measurements of £,,(£„) for these nuclei were made only for E0 = 21, 23 and 24 MeV.
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REF. F.Z. Khien N.K. Zui, N.T. An

Yad. Fiz. 35, 257 (1982)

Sov. J. Nucl. Phys. 35, 145 (1982)

EL EM. SYM.

Se 74 34

egf
METHOD REF. NO.

82 Kh 2

reaction RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TV PC RANGE

G,N NOX 12-14 __L_ 14 ACT- 1
4 P

I

The method is developed for calculation of the isomeric ratio for the case of low excitation energy of the

residual nucleus, and the isomenc ratio is measured in the (n , 2n ) and |y , n | reactions in the neutron-deficient

nuclei
,JMo. wZr. “Sr, and

,4
Se. The good agreement between the experimental and theoretical results on the

If. n
)
reaction has confirmed the reliability of the characteristics of the residual nuclei, the transmission

coefficients of the emitted neutrons, etc., used in the calculations. From study of the In, In) reaction we have
obtained values of the parameters of the spin dependence of the level density of the nucleus in the excitation-

energy region — 14 MeV.

ISOMERIC RATIO

PACS numbers: 23-20. + y, 25.40.Gr, 27JO. + e, 27.60. + j

TABLE HI. Isomeric ratio in the fy.n) reaction.

Target nucleus •n, >lkm Published data 11

1.54x0.15 us I.MsO.IS (TO) (31
i."3i'*:i

l i'*l

USixll.li; (3<il
(
l.i|

“Zr i.'.’iOin 1.49 OjOsO.li 1 3u> [ 101

••Sr rt.7Us0.0i o.s« ii.ti3sO.lt <3oi [lj|

T ‘S« 7.5* 1.0 10.5 *»

'’in parentheses we have given the values of the brcmsstrah-
lung maximum energy.
J>In the calculations we used the n Se level scheme of Ref. 2,

f,= 7/r and lm = \/T.
5
'In the calculations we used the level scheme of nSe in Ref. 3.

7# = 9/2* and /„ = 3/Z\

form N3S-41I
IR E». 7*14. 64)
USCOMM.OC 240I0-P44

U.S. DEPARTMENT of :c .iM£FC ,

NATIONAL. BUREAU OF STAMuANOSPHOTONUCLEAR DATA SHEET 105
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N. N. Delyagin ^ . . .

J. Exptl. Theoret. Phys. (USSR) 38, 1111 (i960)
Phvs. JETP 11/303 (I960)

Se 76

METHOD REF. NO.

60 De 2 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYRE RANGE TYPE RANGE

G,G LFT .56 D .56

Cascade transition used to supply recoil energy.

No data given on detector

LFT (l.3±0.2) x 10' 11 sec

FORM NBS-41E
(REV. 7-14-64)
USCOMM.QC 2B010-P44 / PHOTONUCLEAR DATA SHEET 109

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OF STANDARDS



J. R. Pruett
Phys. Rev. 129. 2583 (1965)

METHOD

LL&M. STM. A

Se 76

REF. NO.

Radioactive source; photon scattering; Nal spectrometer

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,G LFT 1 D 1 NAI-D

(0.559 MeV) (0.559 MeV;

Lifetime:
40.13 _n

T = (1.55 ) 10 sec.

-0.19

r > 3 x 10 sec.

1.216

form NBS-418
(REV. 7-14-64)
U3COMM-OC 260 1 0* P64 PHOTONUCLEAR DATA SHEET HO

U.S. DEPARTMENTOF COMMERCE
NATIONAL BUREAUOF 3T' ir^flOS



A.M. Goryachev , G . N . Zalesnyi, and B.A. Tulupov
REF

Izv. Akad. Nauk SSSR. Ser. Fiz. 39, 134 (1975)

Bull. Acad. Sci. USSR Phys. Ser. 39, 116 (1975)

ELEM. SYM.

Se

A

76

z

34

METHOD REF. NO.

75 Go 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G, XN ABX 11- 25 C 9- 25 BF3-I 4PI

a(G, SN) . Statisticsil theory used to obtain SN cross

Table 2

Nudid* A Ej.MeV E|. Mtv 1 NudW. #. E], MtV E,.M«V

•*Zn o.r> 0.90 18

t

T*Cc 0.25 0562 18
••Zn 0.23 1.04 13 ’•Sc 0.33 0.550 18
••Zn 0.2 1.08 IH T*Sc 0.3 0.616 13
’-Co 0,23 1.04 18 •rsv 0.20 0.654 18

O’.*! 0.835 18 •»Sc 0,2 0,655 18
*'Ce 0,3 0,8 IH

Fig. 3. The same as in Fig. 1, but for
2®» 2®»®®» 82se.

Cross sections of photoneutron reactions.
The dipole photoabsorption forces are taken
from [6,7] (the solid black columns).

r”I TUT

.G.Huber et al.,
M.G. Huber et al..

Phys.Rev. 155,1073(67)
Phys .Rev

.

192, 223(66.

Table 3

NuduU a. mb Nuclide a, mb Nuclide a, mb

•Zn 3*17-10 • '-Gc 7C0±37 ’•Sc 1021-52
MZn 570—27 : H4e 872± 4

1

••Se 1029—50
••Zn '•ce OU±43 •’Sc 1167^53
**Cc 7W±37 '•Sc 030±50

•Mon iquar* (non

form N3S-418
(REV. 7-1 4-S4I

use OMM-N BS-OC PHOTONUCLEAR DATA SHEET 111

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STAnOAROS



REF.

METHOD

P. Carlos, H. Beil, R. Bergere, J.

A. Veyssiere, G. V. Solodukhov

Nucl. Phys. A258 , 365 (1976)

Fagot, A. Lepretre, ELEM. SYM. A

Se

REF. NO.

Z

76 34

76 Ca 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 10- 26 D 10- 26 MOD-I 4PI

G,2N ABX 17- 26 D 10- 26 MOD-

1

4PI

990+

Fig. 8. Partial photoneutron cross section [a(y, n)+o(y, pn)] and a(y, 2a) for T
*Se. Arrows Bm and

-®i» ind icate theoretical threshold values for (y, n) and (y, 2a) reactions respectively. Data were not
corrected for impurities.

Tabu 3

Integrated photoneutron cross sections and comparison with sum rules

Nucleus “Zn /••Ga

T'Ga
T0Ge 73Ge T4Ge 7‘Ge 7,As 7‘Sc ’•Se ,0Se "Se

£m (MeV) 29 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5.

<T0. (MeV • b) 0.75 0.91 0.78 0.94 1.02 1.12 1.09 1.01 - 1.06 1.11 1.13

<Jo.A

0.06 NZ
0.78 0.87 0.75 0.88 0.94 1 0.98 0.90 0.92 0.94 0.95

Bm-B

,

(MeV) 4.2 |3.7

11-4
3 1 -0.8 -2.6 3.3 1.7 0.1 -1.5 -3

a.,, (mb) 38 52 44 54 59 64 63 58 62 65 67

(mb) 0.15 0.18 0.15 0.18 0.19 0.20 0.20 0.18 0.19 0.19 0.19

(mb - MeV-') 2.0 3.1 2.5 3.2 3.6 3.9 3.7 3.4 3.8 3.9 4.2

ff-t.A-1 (/'!>• MeV"') 1.9 2.6 2.1 2.6 2.8 2.9 . 2.8 2.5 2.7 2.6 2.7

'rev. 7 . 14.S. The notation used is defined in the text. The average experimental errors 4aaJOo», Aa.,Ja. tm and are approximately 8%. 112
USCOMM-NBi



Se

A=77

Se

A=77

iE

A=77
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Y. Oka, T. Kato,
Bull. Chem. Soc.

METHOD

K. Nomura, T. Saito
Japan 380 (1968

Hui-Tuh Tsai ELEM. SYM. A

Se

REF. NO.

Z

77 34

68 Ok 3 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABY THR-20 C 20 ACT-

1

4PI

I'am.* I. Summary or data on (r, p) reactions with 20 MeV bresuetrahluno

Nuclide

Parent Residual
(Natural (HalMire)

abundance. %)

s,
(MeV)

Observed r-ray

Yield determined
Energy
(MeV)

Branching
ratio (%)

Type of
multipoie
transition

/iCi/mg»> Yield/mol - R

aMg (10.11) -•Na (15 hr) 12.06 1.37 100 El 1.48x10-* 1 .7 x 10*

“Si (4.71) «AI (2.27 min) 12.33 1.78 100 El 1.91 2.8x10*
**Si (3.12) »AI (6.56 min) 13.59 1.28 93.8 El+Ml 6.51x10-* l.5x 10*

**Ca (2.06) “K (22.4 hr) 12.17 0.374 85 El+Ml 7.86x10-* l.3x 10*

(7.32) ‘•Sc (84. Id) 10.47 0.887 100 El 7.11x10-* 3.1x10*
"Ti (73.99) "Sc (3.4d) 11.44 0.160 100 El+Ml 6.83x10-* 1.2x10*
-«Ti (5.46) “Sc (1.8d) 11.35 1.31 100 El 4.40x10-* 5.8x10*
**Cr (9.55) «V (3.8 min). 11.15 1.43 100 El 5.01x10-* 6.6x10*
"Fe (2.17) “Mn (2.58 hr) 10.57 1.81 23.5 El+Ml 8.10x10-* 2.1x10*
“Ge (36.74) ,JGa (4.8 hr) 10.92 0.295 97 (El) 3.70x 10-' 1.3x10*
"Se (7.58) “As (26.5 hr) 9.61 0.559 41 El 1.48x 10-* 1.3x10*
"Sr (7.02) "Rb 09d) 9.41 1.08 9 El 5.15x10-* 9.9x10*
u*Cd (12.26) "*Ag (3.2 hr) 9.74 1.39 35 El 1.91x10-* 2.1x10*
*"Sn (7.57) "•In (54 min) 9.58 1.27 84 El 9.80x10-* 6.9x 10*

***Ba (11.32) '••Ci 03d) 8.67 0.830 100 El 1.68x 10-

‘

2.2x 10*

•"Hg (16.84) i«Au (2.7 d ) 7.27 0.412 100 El
.
8.43 x I0*‘ 2.2x 10*

a) The value corrected at the end of 1 hr irradiation (9.4 x 10* R/min).

Fig. 2. The yield curve for the (j-, p) reaction
with 20 MeV bremsstrahlung.

form NBS-418 /
(R EV. 7-1 4-44)

I UJCOMM-OC 24010-P44 PHOTONUCLEAR DATA SHEET 115

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARQ5



M. Boivin, Y. Cauchois and Y.

Nucl. Phys. A137 . 520 (1969)

METHOD

Heno

Se 77 34

REF. NO.

69 Bo 3 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G
?
G ABX 0-2 C 0-2 ACT-

1

4PI

8 LEVELS

Tableau 1

Energie des niveaux excites, sections efflcaces int^grtcs et u «• gf, rjr pour le
77Se

£(keV) a (pb • MeV) «(eV)

250±10 8
s
X 10"4 l.3t‘ 4 xl0

-9

440±I0 1.8t‘;
2 xl0“ 3 9. 1 ^| x 10

“*

520±I0 5 '7-l .3
X,0

“ 3
4.1

+ 33 xl0~ s

825 ±10 4.6l* XlO-3 8.0tj xlO-7

932±I0 3.5tJ xlO-2 7.S*\-5 X 10“ 6

1000±10 3.2t
3 xlO-2 8 -4

-“.s xl0
~ 6

1I90±10 018 -2:oi 6 -7
-t.'s

x10
" 5

1600± 10 0.52l»* 3.5t
2

;

3 xl0_s

Indirect Activation of 17.38s 162. G keV level by .5-2.0 MeV bremsstrahlung.

form N8S-418
(REV. 7-1 4. 64)
USCOMM-OC 29010-P64 PHOTONUCLEAR DATA SHEET 116

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STAnOAROJ
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A=73
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REF.
Y. Oka, T. Kato and A. Yamadera
Bull. Chem. Soc. Japan _4I, 1606 (1968)

EL EM. SYM.

Se 78 34

REF. NO.

68 Ok 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABY THR-20 C 20 ACT-

I

4PI

ISOMERIC YIELD

Table 1. The particulars op the
( j

-,n ) reaction products and the data obtained

WITH 20 MeV BREMSSTRAHLUNG

Nuclide
Half-life

of
product

(sec)

Gamma-ray determined
Limit of
detection

(as)

Yield
(mol*'-R _1

)

Parent
(Natural

abundance, %)
Residual

Energy
(MeV)

Branching
ratio (%)

Photopeak
activity

(cpm/mg)»>

**Mg(78.60) “Mg 9.9 0.511 200 2.04x10* 0.49 8.1x10*
7*Ge(7.67) nmGe 48 0; 139 100 6.37x10* 1.6 1 .1 x 10*

™Se(23.52) n»Se 17 0.162 100 1.82X10* 0.55 1.2x10*
**Mo(l5.86) •>"Mo 65 0.650 57 2.22x10* 4.5 2.7x10*
,4#Ce(88.48) n»i»Ce 58 0.745 100 1.06x10* 0.95 1.3x10*
***Nd(27.13) 1‘lnNd 64 0.760 100 3.19x10* 3.1 1.4X10*
*»*Tb(100) IMmXb 11 0.111 100 2.56x10* 3.8 2.2x10*

a) The value corrected at the end of one-minute irradiation with the dose rate of
10T R/min;* Counting geometry is 20% with a 3"dia. x 3"NaI(Tl) detector.

Values given are for 0^(24. 2 MeV)

.

form N8S-418
(RCV. 7- 1 4» 44)
USCOMM-OC 2e010*P64 PHOTONUCLEAR DATA SHEET 119

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OF STANDARDS



ReF A.M. Goryachev, G.N. Zalesnyi, and B. A. Tulupov
Izv. AJcad. Nauk SSSR. Ser. Fiz. 39_, 134 (1975)

Bull. Acad. Sci. USSR Phys. Ser. 3£, 116 (1975)

ELEM. SYM.

Se 00r-

< 2

34

METHOD REF. NO.

75 Go 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, XN ABX 10- 25 C 9- 25 BF3-I 4PI

a(G,SN) . Statistical theory used to obtain SN cross
section from XN cross section.

Table 2

NvUkU A Ej, M.V E|. M.V
J

Nuclide 9. E,. M.V E,,M.V

•*Zn o,r. 0.99 18 j

T*Cc 0.25 0.562 18
"Zn 0523 1.04 IS

j
’•Su Oil 0559 i6

“Zd 0.2 t,08 18
j

’S.? 0,3 0.616 18
T*Cc Oil 1.04 18 1 ••Se 0.25 0.654 18
»*Gc II.ST* 0.835 18 “Se 0,2 0,655 18
”Gc <w 0,8 18 1!

1

Cross sections of photoneutron reactions.

The dipole photoabsorption forces are tak-.n

fron [6,7] (the solid black columns).

^M.G.Huber et al., Phys.Rev. 155, 107 3 (67'

'M.G. Huber et al., Phys.Rev. 192, 223(66.

Values given are for a (24.2 MeV) .

o

Table 3

Nuclide a, mb Nuclide o. mb Nuclide 9 , mb

•Zn 397*19* TJCc 700*37 "Se 1021*52MZn 5.’»i:27 ;lUo 872±41 “Se 1029*50
••Zn 71'WJ) tk;c 9ll±43 «SeT#Gc 73:1*37 7%Sc 930±50

•Mean • square errors

porm N3S-418
(R EV. 7-1 4. 04)

use OMM-N BS-OC PHOTONUCLEAR DATA SHEET 120

u.s. department of commerce
national bureau gp stanoaros



REF.

METHOD

P. Carlos, H. Beil, R. Bergere, J. Fagot, A.

A. Veyssiere, G. V. Solodukhov
Nucl. Phys. A258 , 365 (1976)

Lepretre, ELEM. SYM. A

Se

REF. NO.

34

76 Ca 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 10- 26 D 10- 26 MOD-I 4PI

G.2N ABX 18- 26 D 10- 26 MOD-I 4PI

993+

FI*. 9. Partial photoneutron crocs sections [a(y, a)+o(y, pn)] and a(y, 2n) for 7
*Se. Arrows Bm and

Bta indicate theoretical threshold values for (y, n) and (y, 2a) reactions Mpectivcly.

Tabu 3

Integrated photoneutron cross sections and comparison with sum rules

form N3S-
(REV, 7.14.

USCOMM-N

Nucleus “Zn J

MGa
T'Ca

T#Ge MGe T4Ge T‘Ge 7 5As 7‘Se 7,Se ,0Se "Se

£m (MeV) 29 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5.

<r0. (MeV • b) 0.75 0.91 0.78 0.94 1.02 1.12 1.09 1.01 1.06 1.1

1

1.13

a<*A

0.04 NZ
0.78 0.87 0.75 0.88 0.94 1 0.98 0.90 0.92 0.94 0.95

B,-Bp (MeV) 4.2 (3.7

11.4
3 1 -0.8 -2.6 3.3 1.7 0.1 -1.5 -3

*-i« (mb) 38 52 44 54 59 64 63 58 62 65 67

<r_iaA~t (mb) 0.15 0.18 0.15 0.18 0.19 0.20 0.20 0.18 0.19 0.19 0.19

<r_,« (mb* MeV-') 2.0 3.1 2.5 3.2 3.6 3.9 3.7 3.4 3.8 3.9 4.2

a-t.A-1 (jib- MeV-') 1.9 2.6 2.1 2.6 2.8 2.9 2.8 2.5 2.7 2.6 2.7

The notation used is defined in the text. The average experimental errors Aa0Jc0m§ and are approximately 8 %.
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REF. ELEM. SYM. A Z

A. Hofmann, P. Stoll
Helv. Phys. Acta 31 .

METHOD

591 (1958) Se 80 34

REF. NO.

58 Ho 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,NP ABI 20- 32 G 32 ACT-

1

4 PI

(y,np) yields Include (y,d).

' Tabclle 1

Rcaktion
Q-Wert
McV

r.W.Q. a
Mi’V barn mb

P
McV

r
McV

Ca,0
(y, fin) K** -24.3 0,005 2,4 30 ± 1 2.1

ZnM (y. fin) CuM - 18.36 0.03

Zn**(y. fin) Ciim - 18.65 0.031 7.2 23 ± 1 4

Zn**(y, fi) Cu*’ -10,01 0,19 U.4 22.7 ± 1 6

Sc*#(y, fin) As7* - 20,43 0,02

ZnM (y, 2n) Zn« - 20.82 0,03

Mo»*(y, fin ) Nb“ -19.5 0.02

Sbla (y, fin) Snm -18,2 0,0006

form N3S-418
(R EV. 7-1 4-64)

USC OMM-N 8S-OC PHOTONUCLEAR DATA SHEET 125

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



REF.

H. Szlchman
Phys. Rev. C8, 1429 (1973)

METHOD

El EM. Sim. *

Se 80 34

REF. NO.

73 Sz 17 hmg

REACTION RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G LFT 8 D 8 SCD-D DST

(7.819) (7.319)

8=7. 819 MEV

TABLE L Reduced partial radiation widths of the 7818.9-kcV resonance level in a,Se.

Energy of

tr-angirinnq

(keV)

Energy of

final suite

(keV>

Relative

intensity

<%)

Reduced widths

(eV MeV”*x lo3)
*<£1) A (Ml)

Mast
likely

character

7818.9 0 100 ±0.5 6± 1 117 ±22 £1
6369.4 1449.5 ± 0.3 8.4 ±0.2 i.o ±oa 13 ±4 £1 or A/1
6339.4 1479.5±0.1 9.4 ±0.2 la ± o.2 21 ±4 £1 or Afl
5944.7 1874.2 ±0.8 1.1 ±0.2 oa 3 ±1 £1 or Ml
5858.4 1960.5 ±0.2 27.3 ±0.3 4±1 78 ±14 £1
5507.2 2311.8 ± 0.7 4.2 ±0.5 0.8 ± 0.2 14 ±3 £1 or A/1
5304.4 2514.5 ±0.3 6.4±0.3 1.3 ±0.2 24 ±5 £1 or A/1
5191.6 2627.3 ±0.4 1.0 ±0.3 oa±oa 4 ±2 £1 or A/1
5004.3 2814.6±0.S 3.5 ±0.3 o.8 ±oa 16 ±3 £1 or A/1
4991.4 2827.5 ± 0a 12.4 ±0.4 3± 1 56 ±10 £1
4692.4 3128.5 ±0.2 12.5 ±0.3 4±1 68 ±13 £1
4619.1 3199.8 ±0^ 5.5 ±0.3 1.6 ±0.3 30 ±6 £1 or Ml
4570.1 3248.8 ±0.5 7.3±0.3 2a ±0.4 43 ±8 £1
4502 3317 ±1 2a±0.4 0.7 ±0.2 14±3 £1 or Ml
4468^ 3330.7 ±0.2 9a ±0.4 3 ± 1 58 ±11 £1
4427.1 3391.3 ±0.3 8.5 ±0.3 3±1 55 ±10 £1
4376.8 3442.1 ± 0.3 5a ±0.4 1.9±0.3 35 ±7 £1 or Ml
4212.0 3606.9 ±0.4 3.7 ±0.3 1.5 ±0.3 28±8 £1 or A/1
4199.1 3619.8 ±0.5 2.8 ±0.3 ia±oa 21±5 El orMl
4163 3656 ±1 1.3 ±0.3 0.5 ±0.1 10±3 £1 orMl
3949.1 3869.8 ±0.5 3.0 ±0.4 1.5 ±0.3 27±6 £1 or A/1
3866.9 3952.0±0.4 3.0 ±0.5 1.6 ±0.4 30 ±t £1 or Ml
3756.1 4062.8 ±0.4 4.3 ±0.4 3± 1 50 ±10 El

(over)

form N3S-418
(R EV. 7-1 4-A4I
use OMM-OC 26010.P64 PHOTONUCLEAR DATA SHEET 126

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OF STANOAROS



TABLE II. Experimental An coefficients compared with theory, assuming pure dipole.

Energy of

transition

(keV)

Energy of final

state

(keV)

Transitions in i0Se
Theoretical Ajj coefficients for various

assumed spin sequences
0—1—0 0—1— 1 0—1— 2
0.500 -0.250 0.050

7818.9 0 +0.500

6369.4 1449.5 +0.15 ±0.13
6339.4 1479.5 +0.58 ±0.06

5944.7 1874.2 +0.62 ±0.58 +0.62 ±0.58
5858.4 1960.5 +O.06± 0.03

5507.2 2311.8 -0.03 ±0.17
5304.4 2514.5 +0.17 ±0.09
5004.3 2814.6 +0.37±0.37 +0.37 ± 0.37 *

4991.4 2827.5 +0.13 ±0.07

4692.4 3126.5 +0.14 ±0.08
4619.1 3199.8 +0.21 ±0.10
4570.1 3248.8 +0.01 ±0.09
4502 3317 +1.2 ±0.7

4468.2 3350.7 -0.25 ±0.08

4427.1 3391.8 +0.11 ±0.07
4376.8 3442.1 +0.40 ±0.18

4212.0 3606.9 +0.19 ±0.19
4199.1 3619.8 +0.46 ±0.28

3949.1 3869.8 -0.25 ±0JO -0.25 ±0.30
3866.9 3952.0 -0.30 ±0.38 -0.30 ±0.38
3756.1 4062.8 +0.39 ±0.24

1 Only spin assignment of 2 is valid for the final state, since the transition to the ground state was observed (seeFigJ

127



A.M. Goryachev, G.N. Zalesnyi, and B.A. Tulupov
Rer<

izv. Akad. Nauk SSSR. Ser. Fiz. 39, 134 (1975)

Bull. Acad. Sci. USSR Phys. Ser. 39, 116 (1975)

ELEM. SYM.

Se

A

80

z

34

METHOD REF. NO.

75 Go 1 hmg

REACTION RESULT
excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABX 9- 25 C 9- 25 BF3-I 4PI

0(G,SN>. Statistical theory used to obtain SN cross
section from XN cross section.

Table 2

Nvclida «. Ej. M.V E,.M.V NadId. h Ej. M.V E|,M*V

“Zn ax< 0.00 18 ’•Cc 0.25 0362 18

“Zb 023 1.04 13 ’•Su 033 0359 18
MZn 02 1.08 18 I ’•Sc 0.3 0.618 13

’•Cc 023 1.04 18 ••Sc 033 0354 18

"tic 0.25 0.835 18 “Sc 0.2 0,655 18

’K> 03 0.8 18

PORM N3
<R EV. 7-1

USC OMM-

Table 3

Nuclide mb Nuclide «, mb Nudfd.
f

#. mb

••Zn 397*10 • ’Cc 7CO±37 ’•Sc 1021*52
“Zn 579*27 ’Hie 872±4l “Se 1029*50
•*Zn 718*35 ’•Cc 911*43 “Sc 1067*53
’•Cc ’•Sc 930*50 J

Cross sections of photoneutron reactions,
dipole photoabsorption forces are taken

Values given are for C7
q
(24.2 MeV)

.

U.S. DEPARTMENT OF COMMERCE
national, bureau op standaros

'Mean • square error* 128



REF.

METHOD

P. Carlos, H. Beil, R- Bergere, J. Fagot, A. Lepretre, ELEM. SYM. A Z

A. Veyssiere, G. V. Solodukhov

Nucl. Phys. A258 , 365 (1976)
Se 80 34

REF. NO.

76 Ca 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 10- 28 D 10- 28 MOD—

I

4PI

G,2N ABX 16- 28 D 10- 28 MOD—

I

4PI

996+

Fig. 10. Partial photoneutron cross section [<r(y, n)+<x(y, pn)] and a(y, 2a) for ,0
Se. Arrows

and Btm indicate theoretical threshold values for (y, n) and (y, 2n) reactions respectively.

Tabu 3

Integrated photoneutron cross sections and comparison with sum rules

Nucleus **Zn
j"Ga
T'Ga

78Ge 71Ge 14Ge 7‘Ge T,As 7*Se 7,Se •°Se “Se

£m (MeV) 29 2&5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5-

<To. (MeV • b) 0.75 0.91 0.78 0.94 1.02 1.12 1.09 1.01 - 1.06 1.11 1.13

Oo*<4

0.06 NZ
0.78 0.87 0.75 0.88 0.94 1 0.98 0.90 0.92 0.94 0.95

B,-B, (MeV) 4.2 (3.7

\1.4
3 1 -0.8 -2.6 3.3 1.7 0.1 -1.5 -3

a.,, (mb) 38 52 44 54 59 64 63 58 62 65 67

«r-i,A"t (mb) 0.15 0.18 0.15 0.18 0.19 0.20 0.20 0.18 0.19 0.19 0.19

a-im (mb - MeV) 2.0 3.1 2.5 3.2 3.6 3.9 3.7 3.4 3.8 3.9 4.2

(jib • MeV"') 1.9 2.6 2.1 2.6 2.8 2.9 . 2.8 2.5 2.7 2.6 2.7

(REV. 7-14.1

uscoMM-Ne The notation used is defined in the text. The average experimental errors Aa^Ja^ Aa. xJa. lm and Aa^iJa^^ are approximately S %. 129
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Se

A=82

>

A=82

131

Se

A=S2





C.L. 6M. 3 f N.

E. Silva, J. Goldemberg
An. Acad. Brasil. Cienc. 28, 275 ( 1956

)

Se 82

METHOD Rer. no.

Betatron
56 Si 2 NVB

REACTION RESULT EXCITATION
ENERSY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

G.N ABX 9-22 C 9-22 ACT-I d-PI

cirtM mcia vioa

rsacao
9 r

(largura)
(Mev)

/ cdE J a dE tedrico

(bams) Experimental x - 0 x - 0,SS

Se**(y,a) Sc*1 e Se41 * 0.19 4,6 0,87 Mev-bam 1,23 Mev-bam 1,77 Mev-bam

Fig. 1

. . vr_ _ 57 min.

rpaKc^
J7 min.

s.ai

Fig. 2

FORM NBS-418
IRCV. 7. I 4. 44)
USCOMM.OC 200 1 0. P04 PHOTONUCLEAR DATA SHEET 133

U.S. DEPARTMENT OP L*"MERCE
NATION A4. BUREAU OF T.,»OAflOJ



"(F.

MCTHOO

A.M. Goryachev, G.N. Zalesnyi, and B.A. Tulupov
Izv. AJcad. Nauk SSSR. Ser. Fiz. 3£, 134 (1975)

Bull . Acad. Sci. USSR Phys. Ser. 39, 116 (1975)

Se

*(r. no.

82 34

75 Go 1 hmg

ft(ACTION tUUL T
((CITATION
INCAQY

SOUNC( 0(T(CTON
ANOUC

TYPE RAMCS TYPE HANOI

G,XN ABX 9- 25 C 9-25 BF3-I 4PI

a(G,SN)

.

Statistical theory used to obtain SN cross
section from XN cross section.

Cross sectlens of photoneutron reactions.
The dipole photoabsorption forces are taken
frera [6,7] (the solid black columns).

I M
G.Huber et al.,

M.G. Huber et al..
Phys.Rev. 155,1073 (67)
Phys.Rev. 192, 223 (66.

Table 2

Nuclide S. Ej.M.V E|. M.v 1 NudW. h E,. M.v E|. MeV

•'Zn
«Zn
"Zn
T-Cc
tk:«
,lCc

0,2r,

0.23

0.2

0.21
ll.2*»

<U

0.00

I.Oi

1.08

1.04

0.833

0.8

18 1 ’*C-c

13 ' ’*Su
W

j “S«*

18
(

"St*
18 J “Sr
IH j

035
033
0.3

023
0.2

0.182

O.V.H

0.616
0.6.14

0,633

18

W
18

18

13

Table 3

Nuclide mb NucUd. e, mb Nuclide e, mb

•Zn 2)7-*- 19* ’Hit* 700-37 “Se 1021-32
••Zn .770-- 27 !Hic 872-41 “Se lUZteOO

- “Zn
"Cc

718-33
73.1-37

:
H'.e

“Sv
0113:43
030-30

«SC IU»7±53

* Mean • square errors

Values given are for a (24.2 MeV) .

0

«o»u NSS-419
IP EV , 7. I 4m 44

1

UJCOMM.OC 2#0 1 0« P€4

U.S. DEPARTMENT Q* CO-.iM^;PC
NATIONAL SLREALOr S T.\::Z±~ZZ

PH0T0NUCLEAR DATA SHEET 134



REF.

METHOD

P. Carlos, H. Beil, R. Bergere, J.

A. Veyssiere, G. V. Solodukhov
Nucl. Phys. A258 , 365 (1976)

Fagot, A. Lepretre, ELEM. SYM. A Z

Se
REF. NO.

82 34

76 Ca 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 9- 26 D 9- 26 MOD-

1

4PI

G,2N ABX 16- 26 D 9- 26 MOD-

1

4PI

Fig. 11. Partial photoneutroa cross sections [a(y, n)+<x(y, pn)] and a(y, 2n) for "Se. Arrows Mm

and fij, indicate theoretical threshold values for (y, n) and (y, 2n) reactions respectively. Data were

not corrected for impurities.

Tabu 3

Integrated photoneutron cross sections and comparison with sum rules

FORM
(REV. 7

USC OM

Nucleus “Zn f‘*Ga

r'Ga
10Ge 7aGe 74Ge ’•Go ’•As 74Se ’•Se ••Se "Se

£m (MeV) 29 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5 26.5

<70. (MeV • b) 0.75 0.91 0.78 0.94 1.02 1.12 1.09 1.01 ' 1.06 1.11 1.13

OomA

0.06 NZ
0.78 0.87 0.75 0.88 0.94 1 0.98 0.90 0.92 0.94 0.95

B.-Br (MeV) 4.2 (3-7

(l.4
3 I -0.8 -16 3.3 1.7 0.1 -I.S -3

(mb) 38 52 44 54 59 64 63 58 62 65 67

a. XmA~\ (mb) 0.15 0.18 0.15 0.18 0.19 0.20 0.20 0.18 0.19 0.19 0.19

o. ia (mb* MeV-1
) 2.0 3.1 15 3.2 3.6 3.9 3.7 3.4 3.8 3.9 4.2

<r_i,/t
-
t (jib - MeV”')

f

1.9 2.6 11 16 18 19 .

'
' 18 15 17‘ 16 2.7

The notation used is defined in the text. The average experimental errors da.ijo- 1 . and are approximately 8 %. 135
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Tyrian purple (an organic compound of bromine) was
used as a rich and costly dye centuries before the

element bromine was discovered. It was prepared from a

white juice secreted by the Mediterranean mollisk that

was mentioned in the Bible (Ezek. 27:7,16).

Credit for the discovery of bromine is given to Antoine-
Jerftme Balard (1802-1876), a Frenchman and an obscure
young assistant at the chemistry department of the

College of Montpellier. At the time of his discovery he

was only 23 years old. In 1824, while studying the flora
of a salt marsh, Balard noticed a deposit of sodium
sulfate which had crystallized out in a pan containing
mother liquid from common salt. In an attempt to find a

use for these waste liquors he made a series of

observations which led to the discovery of bromine. He

suggested the name "muride" for the new element to the

French Academy of Science. They, in turn, proposed the

name "brome" from the Greek word bromos meaning
stench, to indicate its strong irritating odor.

137
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T. Karainishi, C. Kojima
Jap. J. Appl. Phys. 2, 399 (1963)

METHOO

Br

ref. no.

Linac; isomer yield; activity

REACTION RESULT EXCITATION
ENEROV

SOURCE detector
ANGLE

TV PC RANGE

G,G/ RLY 1 C4 ACT-

1

kPI

(0.21)

Table n. The isomers observed

Isomer
Observed value Referenced value11 ’ 1*’

Half-life Energy (MeV) Half-life Energy (MeV)

Se-77m 17.5 sec 0.160 17.5 sec 0.161

Br-79m 4.80 sec 0.209 4.8 sec 0.208

Sr-87m 2.3 hr 0.390 2.8 hr 0.388

Y-89m 15.0 sec 0.920 14 sec 0.915

Rh-103m 58 min * 57 min 0.040

Ag-107m

Ag-109m }
42 sec

|
0.95

44 sec

40 sec

0.094

0.088

Cd-lllm 47 min 0.150,0.255 49 min 0.150,0.247

In-115m 4.5 hr 0.335 4.5 hr 0.335

Sn-117m 17 day 0.160 14 day 0.159,0.161

Ba-137m 2.6 min 0.660 2.6 min 0.662

Er-167m 2.10 sec 0.209 2.5 sec 0.208

Hf-179m 18.5 sec 0.157,0.215 19 sec 0.161,0.217

W-183m 5.4 sec 0.200,0.170,0.115 5.5 sec 0.1025,0.2915 other!

Ir-191m 4.90 sac 0.129, <0.07 4.9 sec 0.042-0.129

Pt-195m 4.5 day 0.065** 4.1 day 0.031-0.130

Au-197m 7.0 sec 0.10,0.27,0.40 7.2 sec 0.130,0.270,0.407

Hg-199m 43 min 0.160,0.370 42 min 0.158,0.368

* This isomer was measured with a G-M flow counter.

** This value corresponds to Pt-K X-ray energy.

Table III. Induced activation rate

Element
Beam
energy
(MeV)

i

Counting rate
( x 10000 cpm)

Sample ,‘orm

Se 5 1300 metallic .at

Br 4 1600 Na3r grai.

Sr 6 0.3 SrCOj jowls:

Y 5 90 metallic grain

Rh 5 (0.21* RhCLi grain

Ag 5 ISO metallic plate

Cd 6 0.5 CdClj grain

In a 8 metallic plate

Sn 6 0.0005 metallic plate

Ba Zt 0.6 BaS powder

Er 4 4900 ErjOj powder

Hf 5 1600 metallic plate

W 5 120 metallic powder

Ir
l

5 2100 metallic powder

Pt 5 0.3 metallic plate

Au 4 4300 metallic plate

" Hg
r

6 0.09 metallic liquid U.S. DEPARTMENT OF CC*M£P. Cs
NATIONAL BUACAUO^ **» Ta* * A 3

* The value measured with a G-M flow counter. PHOTONUCLEAR DATA SHEET 139



ref.

J. W. Jury, J. S. Hewitt, and K. G.

Can. J. Phys. 46
,

1S23 (1968)

METHOD

McNeill

ELEM. STM. A Z

Br

REF. NO.

35

63 Ju 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYRE RANGE

G,N NOX THR - 27 c 2Z THR Se. QSZ

W(e) = a
o
+ a

1
P
l +

TABLE I

Target element Z Energy <*o* a X i'a0

Vanadium 23 32 640 ±50 0.11+0.10 -0. 09-0.11

Chromium 24 22 365 + 39 0.02 + 0.08 0. 00 + 0 . ;o

Manganese 25 450+33 0.07 + 0.05 -0. 11 ±0.06

Bromine 35 27 874 + 54 0.05-0.06 -0
: 5 +>'.08

Molybdenum 42 610 + 60 0.09 + 0.05 -0 . .'J -0.06

Ruthenium 44 27 1100 + 25 0. 12 + 0.02 - 0 . 29-0.03

Rhodium 45 27 1270 + 47 0.06 + 0.03 -0. 1 + -0.03

Palladium 46 27 1350 + 29 0.26 + 0.02 -0. .2-0.02

Antimony 51 27 2140+62 0.04 + 0.08 -0 .25 + 0.11

Lanthanum 57 27 1940 + 70 0.12 + 0.10 -0 .52-0. 14

Praseodymium 59 30 1800 + 58 0.20 + 0.08 -0
. 40 ± 0 . 09

Platinum 78 27 2600+52 0. 17 + 0.02 -0 . 15r0.03

Lead 82 22 2274 + 59 0.08 + 0.08 -0 . 46 r 0 . 09

"The yield per mole per 100 r was normalized to a yield of 2274 for the lead sample at the same energy.

»

'
"

U.s! DEPARTMENT OF COMMERCE
FORM NBS-418 national bureau of standards

I (REV. 7-14-S4I
I

USCOMM-OC 26010- P«4 PHOTONUCLEAR DATA SHEET 140



REP.

R.F. Barrett, J.R. Birkelund, B.J., Thomas, K.S.

Nucl. Phys. A210 , 355 (1973)

method

Lam, and H.H. Thies
Br 35

REF. NO.

73 Ba 20 egf

reaction RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE PANGS TYPE PANGE

G,N NOX THR- 27 C 10- 27 BF3-I 4PI

present (y, n) work. Filled circles represent points where nuclei in the neutron resonance and in the
(y> n) experiment were the same. Open circles represent points where the respective nuclei were
approximately matched. Triangles represent points which are based on measurement of neutron

mean energies at two bremsstrahlung energies only.

(over)
FORM N3S-418
(R Ev. 7.1 4.84)
USCOMM-OC 28010-P84 PHOTONUCLEAR DATA SHEET 141

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
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A. Jarund and B. Forkman

Z. Physik A281 , 39 (1977) Br 35

•I FnCO «e = .

77 Ja 2 egf

fit*: •
.
:•••

E tii -i

csi'tv
Si."; Z-.~z.Crz-

AfiCl
Si*.:-: ~ f

'

s i*. ; i

G,NA24 ABY THR-999 C 400-999 ACT-

1

4PI

I

r i r—i—rrrr
999=1 GEV

-i

Fig. 1 a j. The neasursd yield es a function of b:er.:>':.v
!:l-rc rr d -e:r.: ir..”;- The errc: cars give the statistical errors in the cumbers of

quanta detected. The >''.'.1 i--.es ire fried to the yield pcir.rs v. a.-thcd. Tr.e y ie!d from Cu (F':g. I a) is measured in [l] ar.d has

been recalculated using the reunite: cur\e of [5]

KiS-
cal .

.

p.

*
•: -.an cross section in the energy range 400 to 1000 MeV

•.-c I;
' — the vields of F.eure ! in this work and of Figures I to

: ••• :s gi\e^ h. ;n some points

Fi;.4. Mean cross sections of the present work and of [1] (•)

compared with the cross sections in proton irradiations: + 400 MeV
143 from [4], o 700 MeV from [16] and an extrapolated value from [17],

,
. ,

7 3 GeV from [18]
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REF.

H. Langhoff, L. Frevert, W. Schott and A.

Nucl . Phys. 72, 145 (1966)

METHOD

Flammersfeld
ELEM. SYM.

Br 79 35

REF. NO.

Resonance Fluorescence [Page 1 of 2] 66 La 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G LFT 0 - 1 D 0-1 ...ML-D Q - i 12^

Fig. 5. ffirjg% for the 834 keV transition determined by the scattering and by the absorption expen*
ments is plotted as a function of the transition energy 0EC.

h'l'ij)- im

m
;m m i

m m
h Wh-

ins
, m

]
'2 (’/:) ‘—j—

v H—

i i
i

an
|

ass

SSL

617 S26

VM r-w
^ 17s;

217 • 207

526 SOL

290

2B9 299 208

606
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Fig. 7. Decay scheme of 7,fCr supplemented by the results of the present investigation.
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H. Langhoff, L. Frevert, W. Schd’tt and A. Flarnmersfeld
Nucl. Phys. 72 »

145 (1966)

ELEM. SYM.

Br 79 35

METHOD

Resonance Fluorescence

REP. NO.

[Page 2 of 2] 66 La 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE MANGE TYPE RANGE

Ey
(keV)

834

606

526 a

b

398

307

Table 1

Results of resonance scattering and absorption experiments

(mb)

ft/V
d, r
(meV)

£.
r

e

70 ±10

60±4
330±90
1 15±30

23±4

240± 1 10

1.25 ±0.28 0.80 (18.1 ±6.7)%
(0.95 ±0.07) IO-> 0.73 (6 0 ±1.7)%
(2.8 ±0.7) • 10-'

(1.0 ±0.3) • 10- 1
1.00 (20.7±8.8) %

(l.23±0.22) I0-* 0.92

(5.4 ±2.5) • 10-» 0.99

(meV)

1.6 ±0.6

0.1 5 ±0.04

0.28 ±0.12

f

°u
*" y,eld the Values f0r *ven column 3. e rep-

nh?a
self absorption in the NaBr absorber and allows the calculation otg^Jg,. rjr have beenobtained from the measurements described in sect. 3.

*

Table 4

'/•transition probabilities in nBr

£|«T»l Spins r, Tmi + E2 Te2 |4| Tmi
(keV) (keV) r (10" sec* 1

] [10" sec-«]
• Tn TE2

834 834 (*>-i 0.80 485 2
617 i 0.04 20 (90)
526 i 0.16 100 (1000)

606 606 i-J 0.73 20 2.1 0.32 21 10
389 i 0.12 3.2 35
345 i 0.00072 0.2 400
299 i 0.077 2.1 25
208 1 0.040 l.l 15

526 526 1.00 28 3.1 0.33 10 30

398 398 i-*4 0.92 2.0 0.05 0.16 61 2
181 » 0.008 0.018 610
137 i 0.065 0.14 34

307 307 0.99 5.6 0.05 0.10 10 7

Tmi +E 2 represents the partial transition probability determined in the resonance fluorescence
investigation. The E2 transition probabilities Tg2 obtained from Coulomb excitation experiments
yield together with TM , +E2 the mixing ratios |<S|. The results are compared with predictions of the
single-particle model in column 8 and 9.
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REF. ELEM. S I'M. A L

J. Schmouker, P. Erdos, P. Jordan and P.

J. Phys. Radium _I6, 169 (1955)

METHOO

Stoll

Br 81 35

REF. NO.

55 Sc 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,A ABY THR - 32 C 32 ACT-

1

4PI

Betatron run at 31.5 MeV. Yields measured relative to

d 31 Br(Y,a) 77 As = 1.8±0.8 MeV-mb

6 S Cu(Y,n) S4 Cu
83 Cu(Y,n) S3 Cu

1.4 bam-MeV
0.7 bam-MeV

form NBS-418
(REV. 7» 1 4» <S4)

USCOMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 151
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Ref- P. Erdos, P. Scherrer, P. Stoll

Helva. Phys. Acta ^0, 639 (1957)

—— ————— _

Betatron; a yield; radioactivity; Cu n) reaction

Elem. Sym.

Br 81 55

Method kef. No.

57 Er 1 EGF

Reaction E or A E <7d E J rr Notes

Br
8l

(y,a) Bremss.

52

1.3±0.5 MeV-mb Based on yield measurement.

u.s. department of commerce
NATIONAL BUREAU OF STANDARDS

form NBS-418
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Ref. A.M. King, A.F. Voigt
Phys. Rev. I0£, 1J10 (1957)

Elem. Sym.

Br 81

Method
Iowa State 70 MeV synchrotron; neutron counter

Ref. No.

57 Ki 1 EGF

Reaction E or AE a d E J rr Notes

Br
8l

(Y,n)
Bremss.

15-70

Measured relative yield of ground
state to k.k hour Br80;

(17 min. ) gs J = 2

(U-.k- hr.) J = 5

Table I. Relative yields of Br® and Br®- from the photoneutron reaction in Br“.

Experi-
ment

Maximum
bremsatrahlunc

energy Ci* C,*

‘i
isomeric
state (hr)

ground
state (min) R,,R,

i 15.7=1 4046=16 88190=2000 4.39=0.03 16.26±0.86 3.46^0.52
2 25 ±5 100= 4 3927= 183 4.38=0.02 17.60=0.03 2.48=0.12
3 25 ±5 124±11 4286= 18 4.36=0.12 16.65=0.31 2.33=0.21
4 27.4=1 257± 2 4206= 501 4.38=0.03 17.40=0.80 2.31=0.31
5 68.0=1 1687=18 41046= 944 4.37=0.05 16.79=0.37 2.50=0.03
6 70 ±1 1000=10 29170= 605 4.39=0.05 17.56=0.10 2.51=0.17
7 70 ±1 305= 6 9885= 300 4.36=0.07 16.72=0.17 2.36=0.07

* Contribution No. 490. Work performed in the Ames Laboratory of the U. S. Atomic Energy Commission.
1 Katz, Pease, and Moody, Can. J. Phys. 30, 476 (1952).
*• Chien and Willard, J. Am. Chcm. Soc. 77, 3441 (1955).
1 Katz, Baker, and Montalbetti, Can. J. Phys. 31, 250 (1953).

* J. Goldemberg and L. Katz, Phys. Rev. 90, 308 (1953).
* K. Strauch, Phys. Rev. 81, 973 (1951).
* Koch, McElhinney, and Cunningham, Phys. Rev. 81, 318 (1951).

* J. L. Lawson and M. L. Perlman, Phys. Rev. 74, 1190 (1948).

form NBS-418
18-1-831
USCOMM-DC 18S38-PS3

PHOTONUCLEAR DATA SHEET 153

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STA'inARDS



K. N. Geller, J. Halpern, and E. G. Muirhead
Phys. Rev. I L8 . 1302-12 (i960)

- •- C_M . j i A*.

Br 81 35

METHOD

Betatron; neutron threshold; ion chamber

ncF. no.

60 Ge 3 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE

G,N N0X THR C THR BF3-1 4 PI

THRESHOLD

KnicliiNI No. run* Present results Other results Method Reference

BH*(ir>i»)Br* 1 10.130^0.035 10.03 ±0.13 mass data
Q(jr)

10.03 ±0.13 mass data

Q(fiT)

m
n
m
o

• f
1*?*? -5' Picky,rth-"‘u Sptclrotcopi (Cambridge UnJvereity Proa. New York, lose) rv

J.-.
L

i
dofslcJr> R*vl - Modern Phy*. 29. 773 (1937).

*”• -•
• R. W. King, Rcre. Modern Phye. 2d, 327 (1934).

% O PM H8S-4 10
• • / '-Id. Ml

? S tO t w/m t /\
• f * —
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J.H. Carver, G.E. Coote, T.R. Sherwood

Nuclear Phys. T7, 449 (1962)

Elem. Sym.

Br 81 35

Method
JO MeV electron synchrotron; activation; Nal

del. No.

62 Ca 1 JHH

Reaction

Br
81

i

U ..r A K

Bremss.

E
O s

ad F. J
" Note*

30 Katz et al_. , Can. J. Phys. 30

(1952) 476.

^L. Katz al. , Can. J. Phys.

(1953) 250.

12
E. Silva et al . , An Acad. Brasil

Cience 28 (1956) 275.

23
J. Goldemberg et al. , Phys. Rev.

(1953) 308.

90

Table 1

Isomeric ratios from (y. a) reactions

Residual nucleus

Target

nucleus /. Ground state Metastable state

Inter-

mediate

state

Isomer ratio

YJ(Xi+Y,)
<T

Spin Half-life Spin Half-life Spin

Co" 1- Co58 2+ 71.3 d 5+ 9.2 h 0.44= 0.02 4neiM

Ge’8 0+ Ge» i- 82 min J
+ 49 s 0.4S=0.07 2.8=0_S

Br* 1 Br80 1+ 13 min 5“ 4.4 h 2“ 0.32 i0.02 6.5=l.»

Sr8* 0+ Sr88 »+ 64 d i- 70 min i+ 0.36= 0.07 2.2±0.±

Zr*° 0+ Zr8* 5+ 79 h i- 4.4 min 0.33±0.10 2.8=0.r

Mo” 0 Mo81 15.7 min 4- 66 s 0.46±0.04 tilt

Agl0T *- Agu. l+ 24 min 6 8.3 d 0.04= 0.02 2.0 =*> 3

Inm r Inul 1+ 14.5 min 4+- 20.7 mia 7- 0.8=0.

1

3. 1 =0.7

Cdll‘ 0+ Cd' 18 53 h V- 43 d g 0 2 £ ^

Ce18# Ce1J* 140 d 4" 55 s M.Ojf -r~ 0.1)1 2.5 -‘J -

Hgla* o* Kg 1” 65 h Jl-r
* 24 h 5- 0.05=0.01 3.4=0 *

i-

Ref. Previous work

Br81 l#
) 3r’“ l 8- 18 min 5“ 4.4 h 2~ 0.33 ti 5

Se*= «) o 8- Se51 }- 13 min 57 min 0.5 S.«>

Zr” ll
) o^ Zr88

s* 79 h V 4 3 min
,
0.44 = 0.06 4.5-1

In 118 z3
) » In 118 i+ 72 s 5“ 50 d 8 O.^o 5.'.'

(T. - 2.5 s)

The yields V
t
and Yt are for (y, n) reactions ending in the isomeric- or ground -state. The y«ai

y, is for the higher-spin state.
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Y. Oka, T. Kato, K. Nomura, T. Saito and H. T.
Bull. Chem. Soc. Japan ^1, 2660 (1963)

METHOO

Tsai
EL EM. SYM.

Br 31 35

REF. NO.

68 Ok 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G
,
A ABY THR- 20 C 20 ACT-

1

4PI

Table ]. Summary o» data on (j, a) reactions with 20 MeV bremsctrahluno

Nuclide

£«h
(-<*, MeV)

Observed gamma-ray Results obtained

Parent
(Natural

abundance. %)

Product
(llaif-life)

F-nergy

(MeV)
Branchin
ratio (%

Type of

y
multipole

'
transition

/iCi/mg*>
Yield

(mol* 1 • R-i)

*'V(99.75) *’Sc(3.4d) 10.27 0.160 100 M\-rE2 1.99x10-* 2.8 x 10*

»»Cu(30.9) *'Co(99 min) 6.75 0.068 99 Ml 4-£2 7.23x10-* 9.7x10*
’>Ga(39.6) «Cu(61 hr) 5.15 0.184 41 Ml 2.70x10-* 9.6x 10*

»*Ce(7.67) e,0,Zn(14 hr) 5.89 0.435 100 M4 l.JlxIO-* 5.Ox 10*

•*Br(49.48) ”As(39 hr) 6.46 0.246 2.81 Ml 4- £2 1.97x10-* 4.3x 10*

**Ag(48.65) **Rh(36 hr) 3.28 0.3194-0.306 24.8 Ml 4- £2 8.29x 10-* 3.7x 10*

»»In(95.77) mAg(7.6d) 3.78 0.340 6 Ml 4-£2 5.70x10-* 4.3x 10*

a) The value corrected at the end of 1 hr irradiation (9.4x 10* R/min).

Fig. 1. The yield curve for (r, a) reaction with

20 VfeV bremsstrahlung.
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Z=36

Krypton was discovered by William Ramsey and his

assistant Morris Travers in 1898. They had tried
in vain to find an inert gas, with an atomic weight
between that of argon and helium, by heating rare
minerals. Their next attempt was to diffuse argon
and hopefully fractionate it into gases of different
densities. They had been given a liter of liquid
air which they used, not for liquefying their precious
fifteen liters of argon but for obtaining sufficient
skill in gas manipulation. Fortunately they were
careful to save the residue of the liquid air for they
found 25 cm3 of an inert gas. This was placed in a

Plii'cker tube and connected to an induction coil.

Ramsey and Travers observed a bright yellow line with
a green tint which did not coincide with any of the

known lines. They named the new gas "krypton" meaning
"hidden" in Greek.
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mf. J. Goldemberg, Y. Torizuka, W. C. Barber, J..D. Walecka

Nuclear Phys. 43, 242 (1963)

EL EM. SYM.

Kr 36

method

Linac; electron scattering; magnetic spectrometer

REE. NO.

63 Go 4 JHH

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ ABX 15-21 D 41 MAG-D 17-4? isn

FORM N3S-418
(REV. 7*1 4.941

(JSC OMM«N 63*0 C

/
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W. Hofmann, R. Kosiek, G. Kraft and R.

Z. Physik 225, 303 (1969)

METHOD

Mundhenke

Kr

REF. NO.

36

69 Ho 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angleTYPE RANGE TYPE RANGE

G,XP ABY THR- 33 C 24-33 SCI- D 3-14 90

Tabelle 1. Daten :u den einzebien Reaktioncn. Die Wcrte fiir den integricrten Wirkungs-

querschnitt warden inner der Annahme uiisscldiefilicher Grundzustandsubergunge

bereclmet. Fiir
23.Va mid i9K als Ausnahme s. Text

32.5

Tar-

get

Anreiche-

rungsgrad

. 0

(/> P)~

Schweile

McV

Druck

oder

Dicke

End-

energie

MeV

Zahl

gcmess.

Protonen

Ausbeute

pb/MeV sr

fo(E)dE Figur

McVmb

18Q 99 16,0 230 Torr 32,5 36074 58+7 38 ±6 1, 2

:0Ne 90,9 12,8 450 Torr 28,0 3175 7,4+ 1 — —
610 Torr 32,5 6293 14,9 ±2 61 ± 11 5,6

;:Ne 99,9 15,3 240 Torr 24,0 1960 2,3 + 0,4 — 4,5
28,0 4790 3,6 ±0,6 — 4, 5

32,5 5210 6,7 + 0,9 45 ± 8 4,5

:3Na 100 8.8 65 u 24,0 14182 6,3 + 1,0 — 7

60u 32,5 11152 12,8+2,0 1 1 7 ± 30 7

“Ar 99 8,5 250 Torr 32,5 45173 57+6 270x40 8, 10

40A r 99,6 12,5 230 Torr 32,5 29559 14,2± 15 104 ± 15 9,41

i9K 93,1 6,4 S0(i 24,0 24230 17,4 ±2,8 — 12

90n 32,5 24941 41,9 ±6,7 405 ± 100 12

?4Kr 99 10,7 170 Torr 32,5 35515 12,7 ±2,0 80 ±20 14

Kr naturl. 10 170 Torr 32,5 13570 12,5 ±2,0 75 ±20 13

Xe naturl. 9 150 Torr 32,5 7553 7,6 ±0,9 40 ± 7 15

Ep[Mev|

Fig. 13. Energicverteilung der Photoprotonen jus Kr fur f„=32,5 MeV.
Kurve: Berechnetes Verdampfungsspektrum
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REF. EL EM. SYM. A

G. B. Beard
Phys. Rev. 1^5 . B862 ( 1966 ) Kr

METHOD REF. NO.

Resonance fluorescence; gaseous HBr source 66 Be 2

Z

82 36

JDM

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G . G LFT U.77 - 1M) C 1 NAT-D 0-9 113

Used recoil energy from 0 -decay to give Doppler broadened spectrum.

Measured |* <jssdE.

36 h

"\ 444 keV
^-Xtioor.;

^
A

E
(ktV)

Ftc. t. Decay «:

of Bra, showing
main- transitions r-

,..,70%
30V. i

^ -L - *

* 2648

. 2094

percentages based .

mary Cief. 2) of tl -

relative gamma-rav
dances. The pe-ci •

t'e g” -ir>a ray? show-
’ adjusted to a

t* .

30% 27%.
1 25% i

17.7%
32.3% !

0+ £ 1

777

• 0

r*- of t'-e d--.

tions •* lie

Kr
32

Table IT. Summary of properties of the first f2+ ) excited states

of even-even Kr isotopes. The values for the relative B ( i'.2) are

taken from lief. 1. Column 6 gives the ratio of the observed transi-

tion probabilities to the Wcisskopf estimate (Ref. 10) for £2
transitions.

Isotope
£(2+) Relative

(keV) S(£2)T

Absolute

3(£2)T
(^XlO-^cm4

) (sec)

B(E2)

B(E2w)

i»Kr7* 450 0.51 0.59 3.8 X10"“ 54

Kr* 620 0.34 0.39 1.13X10"“ 36

Kr* 777 0.18 0.21 6.9 X10-“ 19

Kr84 8S0 0.15 0.17 4.7 X10-“ 16

/
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W. Hofmann, R. Kosiek, G. Kraft and R. Mundhenke

z! Physik 225, 303 (1969) Kr 34 36

METHOD REF. NO.

69 Ho L egf

reaction RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TVPE range

G,XP ABY THR- 33 C 24-33 SCI- D 3-14 90

Tabelle 1. Daicn zu den einzelnen Reuktioiten. Die 1 1 ale fiir Jen integrierten H'irkungs-

querschnitt w arden inner der Annuhnie uusschliefilicher Grundzustandsiibcrgunge

berechnet. Fur 23Xa und 30K 1/Is Ausnahme s. Text

Tar-

get

Anreiehe-

rungsgrad

O

(x, p)~

Schwelle

MeV

Druck

Oder

Dicke

End-

euergie

MeV

Zahl

gemess.

Protonen

Ausbeute

pb/ MeV sr

3 2.5

Jo(E)ilF F-igur

MeVmb

18Q 99 16,0 230 Torr 32,5 36074 58 ± 7 38 x 6 l. 2

;oNe 90,9 12,

S

450 Torr 28,0 3175 7,4 x 1

610 Torr 32,5 6293 14,9 ±2 61 x 11 5, 6

~Ne 99,9 15.3 240 Torr 24,0 1960 2,3 ±0,4 — 4, 5

28,0 4790 3,6 ±0,6 —
4, 5

32,5 5210 6,7 ±0,9 45 x 8 4, 5

^Na 100 8,8 65 u 24,0 14182 6,3 ± 1,0 — 7

60m 32,5 11152 12,8 ±2,0 117x30 7

36A r 99 8.5 250 Torr 32,5 45173 .57 -6 270x40 8, 10

^Ar 99,6 12,5 230 Torr 32,5 29559 14,2± 15 104 x 15 9, 11

39K 93,1 6,4 80 p 24,0 24 230 17,4 ±2,8 12

90u 32,5 24941 41,9 ±6,7 405 x 100 12

S4Kr 99 10,7 170 Torr 32,5 35515 1 2,7 ± 2,0 S0x 20 14

Kr naturl. 10 1 70 Torr 32,5 13570 12,5 ±2,0 75 x 20 13

Xe nacurl

.

9 150 Torr 32,5 7553 7,6 ±0,9 40 x 7 15

H-i. !4. lincrgicverteilung der Photoprotonen aus SJKr fur £"
0 =32.5 MeV.

Kune: Berechnetes Verdampfungsspektrum
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RUBIDIUF1

Z=37

Rubidium was discovered by Gustav Kirchoff and

Robert Bunsen who announced their discovery to the

Berlin Academy of Sciences on February 23, 1861.

The achievement was made possible by the spectro-
scope that the two investigators had developed.

Kirchoff's mind was more speculative than Bunsen's
and he was thoroughly familiar with the researches
of Josef Fraunhofer. Kirchoff showed Bunsen that,
instead of looking through colored glass to

distinguish between similarly colored flames, he

should use a prism to seperate the light into its

constituent rays or lines. This was the basic idea
of the spectroscope which they used to examine the

mineral lepidolite from Saxony. They observed two

remarkable red lines just beyond the brilliant
Fraunhofer lines at the extreme red end of the solar
spectrum. The new lines were attributed to an

unknown substance which they called rubidium from
the Latin rubidus meaning dark red.

169



170



_ CAM. a » AM.

A. Lepretre, H. Beil, R. Bergere, P.

Nucl. Phys. A175 . 609 (1971)

METHOO

Carlos and A. Veysaiere
Rb

REF. NO.

37

71 Le 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLETYPE RANGE TYPE RANGE

G,N j-fs ABX 11-24 D 11-24 MOD-

1

4 PI

G,2N yfj,-*.
ABX 17-24 D 11-24 MOD-

1

4 PI

PARTIAL CROSS SECTION OF RUBIDIUM

Tabu 1

Lorentz line parameters corresponding to fits shown in fig. 6.

Rb Sr ”Y *°Zr ”Nb

<r, (mb) 192 ±10 207 ±10 225 ±10 211 ±10 202 ±10
r. (MeV) 4.1 ± 0.15 4.2± 0.1 4.1 ± 0.1 4.0 ± 0.1 4.7± 0.2

£i (MeV) 16.75± 0.05 16-7± 0.05 16.7± 0.05 1 6.65± 0.05 16.5 ± 0.05

Tabu 3

Integrated cross sections (the notation used is defined in the text)

Rb Sr •*Y -«Zr *JNb

<r, (MeV • b) 1.14 ±0.06 1.42 ±0.07 1.36 ±0.07 1.26-0.07 1.33 ±0.07

<r»

0.06 NZA~'
0.91 5 ±0.05 1.09 ±0.05 1.04 ±0.05 0.95 ±0.05 0.97 ±0.05

<r_, (mb) 67±4 80 ±5 77 ±5 71 ±5 T9 ±5

<r_, (mb - MeV-') 4±0.2 4.6 ±0.2 4.4 ±0.2 4 ±0.2 4.8 ±0.2

£m (MeV) 24 27 27 26 24

(over

)

U.S. OEPARTMENTOF COMMENCE
NATIONAL BUREAU OF STANOARCS
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total photo ncuton cms.sccTioM

e (X»V>
i

Fig. 6. Total pholoncutron cross sections <rT of Rb, Sr, **Y, **Zr and.* JNb and best one Lorentz

line lit corresponding to parameters given in table l.
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Ref R. Tobin, J. McElhinney, L. Cohen

Phys. Rev. 110, I388 (1958)

Elem. Sym.

Rb 85

Re^. No.

58 To 1

37

Method
22 MeV Betatron

EH

Reaction H or AE a d E J * Notes

Rb
85

(7,“) Bremss

22

E
t
^= 10.50±0.08, based on counting

isomers.

Fic. 6. Relative activity of the 21-minute isomeric state

of RbM as a function of betatron energy.

form NBS-418
te-t-93)
USCOMM-OC t 8 83 8* R 63

PHOTONUCLEAR DATA SHEET 175

u.s. department of commerce
NATIONAL BUREAU OF STANOAROS



pC. N. Galler, J. Halpern, and E. G. Muirhead
Phys. Rev. .113, 1302-12 (i960)

Rb 85 57

Betatron; neutron threshold; ton chamber

REF. NO.

60 Ge 3 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANCLE

TYP« HANOI

G,N N0X THR C THR BF3-1 4 PI

THRESHOLD

Taou L Summary and comparison of neutron scjiaration energies inferred from present threshold measurements with values predicted

from mass data and reaction energies. All energies are expressed in the ccntcr-of-mass system in Mev.

KriUltMNI No. runs Present results Other results Method Reference

Rb**(y,»*)Rb** 1 10.65 ±0.08 10.26 ±0.16 moss data

Q(ff+)

m
n

10.13 ±0.25 mass data m
<2Or) a

Henry E. Duckworth. Hass Spectroscopy (Cambridge University Proa New York. 19it), a, ITT.
L. J. Lidofsky. Revo. Modem Phye. 29. 773 (1957).

i -om NBS-418
• i V . 7.1 a. 04)

U.s. OEPAflTMENTOF COMMERCE
NATIONAL BUHCAUOr *TANOAor,^

/
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U. Kneissl, H. Schneider, R. Volpel, K. Wolcken
Nucl. Phys. A135 , 395 (1969) Rb 35 57

METHOO REF. NO.

69 Kn L egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N RLY 10-45 c 45 ACT-

I

4PI

ISOMERE YIELD

5. Ergebnisse

Die Rechnungen fur beide Reaktionen wurden mit Spin-cut-off-Parametern

a =» 3.5 und a = 4 durchgefuhrt und mit den gemessenen Isomcrenverhaltnissen

verglichen. Durch Interpolation wurden Werte von a ermittelt, fur die die berechneten

Isomerenverhaltnisse mit den gemessenen Werten R„- ubereinstimmen.

Es ergaben sich folgende Resultate: •

Reaktion R„9 9

(n, 2n) 1.07±0.05 3.96±0.06

(y, n) 0.37±0.01 3.78 ±0.03

korr. 4.04±0.03

Herrn A. Hefl danken wir fur seine Hilfe bei der Bestrahlung am n-Generatort
dem Bundesministerium fur wiss. Forschung fur die Bereitstellung von Sachmitteln.

FORM NBS-418
(REV. 7-14-64)
USC OMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 177

u.s. department OF COMMERCE
NATIONAL BUREAU OF STANDARDS
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Ref- P. Erdos, P. Scherrer, P. Stoll

Helva. Phys. Acta *0, 639 (1957)

'
" 1 ' r —

Method
Betatron; a yield; radioactivity; Cu ?

(y, n) measurement.

Elem. Sytn.

Rb 87 37

Ref. No.

57 Er 1 EGF

Reaction E ot AE <7d E J rr Notes

Rb
87

(Y,a)

Rb
87

(Y,na)

Bremss.

32

0.52 MeV-mb

0.05 MeV-mb

Based on yield measurement.

form NBS-418
(8*1*63)
U3COMM-DC 18S86-P63

u.s. department of commerce
NATIONAL BUREAU OF STANDARDS

PHOTONUCLEAR DATA SHEET 181



Ref. R. Tobin, J. McElhinney, L. Cohen

Phys. Rev. 110, 1388 (1958)

Elem. Sym.

Rb 87 57

Ref. No.

58 To 1

Method
22 MeV Betatron; neutron counters

EH

Reaction E or AE <7d E J tr Notes

Rb
87

(Y,n) Bremss

22

E
th = 9.89±0.05

Ftc. 5. Photoneutron yield from rubidium as a
function of betatron energy.

I form NBS-418 U.S. DEPARTMENT OF COMMERCE
(0.1-0) NATIONAL BUREAU OF ST' -IARQS
USCOMM-OC 18SSS-P03

PHOTONUCLEAR DATA SHEET 182



» £F.

K. N. GeLler, J. HaLpern, and E. G. Muirhead
Ph>s. Rev. 118 . 1302-12 (i960)

,
C.M. s . M. .A

Rb 87 37

Betatron; neutron threshold; ion chamber

REF. NO.

60 Ge 3 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TV PC RANGE TYPE RANGE

G,N N0X THR C THR BF3-1 4 PI

THRESHOLD

Table L Summary and companion of neutron separation energies inferred from present threshold measurements with values predicted
from mass data and reaction energies. All energies are expressed in the ccntcr-of-mass system in Mev.

Kniclimi No. runs Present results Other results Method Reference

Rb"(y,i.)Rb" 1 9.99 ±0.07 9.91 ±0.20 mass data m
Q(0~) n

9.89 ±0.05 threshold lc

J
See reference 2.

• Henry E. Duckworth. Afarr SpteUoicopy (Cambridge University Preet, New York. 19SS). p. 177.

• L. J. Lidofsky, Rev*. Modern Phys. 2V. 773 (1937).

r t>M N3S-413
y . 7. t 4. « 4 i

183/
«y /• •

u.s. department of commerce
NATIONAL. AUREAUOr % T A N O A P r» 4
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Si''***



' Q

sirnri'Ji

2=38

Strontium was first detected in 1790 by Or. Adair
Crawford (1748-1795) of Edinburgh. He had obtained
a new mineral that was found in the lead mine at

Strontian, Argyleshire; most mineralogists
considered the material to be an aerated barium
carbonate. Crawford published a paper that showed
that the salt (strontium chloride) obtained by
dissolving the new mineral in hydrochloric acid

differs in several respects from barium chloride.
He further concluded that "the Scotch mineral is a

new species of earth which has not hither to been
sufficiently examined."
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ECEM. SYM. A z

R.G. Baker, K.G. McNeill

Can. J. Phys. ^ 1158 (1961) Sr 38

method
Betatron; fast neutron yield, angular distribution; Si threshold

detector; ion chamber

Rcr. NO.

6l Ba 2 :IVS

REACTION RESULT EXCITATION
ENEROV

SOURCE DETECTOR

TYRE RANM >NC. r:

. TY*« SAN GC

G.XN ABY THR-22 C 22 THR-I 5-r ijS*:

;

i*

Ia Table k--.

j =* average cross seccion of decector
weighted with neutron spectrum

3 * neutrons/100 roentgen/mole

00

w(0) = a
0 £ [1 + A

n
P
n

(cos ©)]

»*1

TABLE IV

1

Element
II

a*
III

At

IV V
(e*)X10**

VI
+wn(22 Mev)X10»

VI

1

Vanadium 2451[1±0.06) 0.01 ±0.08 -o.oo±o.io 6.05 0.21 0.12
Chromium 1G4I 1±0.03) 0.04±0.04 -0.05±0.05 4.05 0.17 0.10
Manganese 30SI(1±0.02) 0.07±0.03 —0.09±0.04 7.61 9.25 0.12
Iron 2001 1±0.03) 0.05±0.04 -0.17±0.05 "4.94 0.18 0.11
Cobalt 3901 1±0.02) 0.08±0.03 —0.22±0.04 9.63 0.20 0.15
Nickel 1451 1±0.05) 0.07±0.07 —0.23±0.09 3.58 0.12 0.12
Copper 3471(l ±0.02) 0.05±0.03 -0.29±0.04 8.57 0.30 0.12
Arsenic 4821 1±0.03) 0.ii±0.04 -0.24=0.05 11.91 0.33- 0.15
Rubidium 6381il±0.05) 0.13±O.0C —0. 14±0.08 15.76
Strontium 4091[1±0.05) 0.10±0.00 —0.17±0.08 10.10
Yttrium 2901 1±0.10) 0.08=0.12 —0. 12±0. 15 7.16
Silver 6901 1±0.04) 0. 10 ±0.06 —0.22±0. OS :4.57 0.87 C.C7
Cadmium 9051 1 ±0.02) 0.02±0.02 -0.26 ±0.03 22.35
lodS* 11331 1±0.03) 0 . 04±0 . 04 —0.29±0.05 27.99 1.42 0.08
Barium 10481 1±0.04) 0. 10±0.0G —0.38±0.08 25.89
Lanthanum 15951 1±0.02) 0.02 ±0.03 -0.42 ±0.01 39.40 1.04 0.15
Cerium 13161 1±0.05) 0.05±O.OG —0.39±0.0S 32.50
Dysprosium 1652 ( 1±0.0S) 0.01 ±0.10 —0.34±0. 13 40 80
Tantalum 15581 1±0.02) 0.C4±0.G3 -0.22 ±0.04 58. -iS 2.50 0.0G
Tungsten 1365 ( 1±0.02) -0.07=0.03 -0.24 ±0.04 33.71
Mercury 13451;i±0.02) 0.04=0.03 —0.31±0.04 33.22
Lead 2274( 1±0.01) 0.02±0.02 —0.42±0.03 50.17 2.72 0.08
Bismuth 2162 ( 1±0.02) 0.05±0.03 —0.45=0.04 53.40 3.36- 0.06
Thorium 3031 ( 1±0.04) 0.06±0.05 —0.32±0.07 74.87
Uranium 4630 <!l±0.02) 0.05±0.03 —0. 17±0.04 114.36

•(>) • 2.47X10* <• milliban-oculroa. Error* *r« uanriard error* due to countins itilU'.ici only.

u.s. department O'-- c." .IE-
national. s-.-.'.sar

*oru H8S-410
(R*V. 7* I 4*041
U1C OMM.OC 2*01 »-R«« / PHOTONUCLSAR DATA SHEET 187

U
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T. Kaminishi, C. Kojima
jap. J. Appl. Phys. 2 , 399 (1963) Sr

*

36

METHOO
Linac; isomer yield; activity

REF. NO.

63 Ka 2 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TV PC RANGE

G,G/ RLY 1 C6 ACT-

1

l4.PI

(0 . 39 )

1'able II. The isomers observed

Isomer
Observed value Referenced value1111* 1

Half-life Energy (MeV) Half-life Energy (MeV)

Se-77m 17.5 sec 0.160 17.5 sec 0.161

Br-79m 4.80 sec 0.209 4.8 sec 0.208

Sr-37m 2.3 hr 0.390 2.3 hr 0.388

Y-89ra 15.0 sec 0.920 14 sec 0.915

Rh-103m 58 min * 57 min 0.040

Ag-107m 44 sec 0.094

Ag-109m }
42 sec j- 0.95

40 sec 0.088

Cd-lllm 47 min 0.150,0.255 49 min 0.150,0.247

In-115m 4.5 hr 0.335 4.5 hr 0.335

Sn-117m 17 day 0.160 14 day 0.159,0.161

Ba-137m 2.6 min 0.660 2.6 min 0.662

Er-167m 2.10 sec 0.209 2.5 sec 0.208

Hf-179m 18.5 sec 0.157,0.215 19 sec 0.161,0.217

W-183m 5.4 sec 0.200,0.170,0.115 5.5 sec 0.1025,0.2915 other

Ir-191m 4.90 sac 0.129, <0.07 4.9 sec 0.042-0.129

Pt-195m 4.5 day 0.065** 4.1 day 0.031-0.130

Au-197m 7.0 sec 0.10,0.27,0.40 7.2 sec 0.130,0.270,0.407

Hg-199m 43 min 0.160,0.370 42 min 0.158,0.368

* This isomer was measured with a G-M flow counter.

** This value corresponds to Pt-K X-ray energy.

Table III. Induced activation rate

Element
Beam
energy
(MeV)

Counting rate

( x 10000 cpm) Sample form

Se 5 1300 metallic pellet

Br 4 1600 NaBr grain

Sr 6 0.3 SrCOa powder

Y 5 90 metallic grain

Rh 5 1,0.2'.* RhCU grain

Ag 5 180 metallic plate

Cd 6 0.5 CdClj grain

[n 6 8 metallic platt

Sn 6 0.0005 metallic plate

Ba 5 0.6 BaS powder

Er 4 4900 Er-Oa powder

Hf 5 1600 metallic plate

W 5 120 metallic powder

Ir 5 2100 metallic powder

Pt 5 0.3 metallic plate

Au 4 4300 metallic plate

Hg 6 0.09 metallic liquid

comm * The value measured with a G-M flow counter. u.s. department of commerce
ikcv. 7.i 4.Q4, nation*!, aunouor
jicomm-oc 2«oio>p«4 PHOTGNUCLEAR DATA SHEET 188



REF. CLEM. STM.

A. Veres
Acta Phys. Acad. Sci. Hung, _l6, 261-73 (1963) Sr 33

METHOO REF. NO.

Radioactive source 63 Ve 2 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

6,6/ ABX 0-1 D 0-

1

NAI-D

IS2ME&S.

TafijiHiia II

H3MepeHHbie 3HaqeHHH nocjie o6jiyqeHHH. cpaBHHBaeMbie c apvruMM ^irrepaTypHUMH
OaHHUMIt

3a€mcnt

AKTHBHOCTb
oftny^eHMH

nocjie

Aktmbh.
3KCTpn.

B
kohub

JlyrepmTypHkie
iUHHUe

Aatmue
1

tUMepeHHA

r
nepBoro

K3MepeHHR
(HMn/MHH.)

oojiyn.

(hmh/

MHH.)
r,/.

E
(K3B)

1

|

TlU
£

(»•)

(10- "CM*)
A ym

(10^»B)

Se-77m 3842±96 5400 17,5 ceK. 160 18,1 ±1 ceK. 160±10 9,5 1,75

Sr-87m 191 ±5 200 2,8 q. 390 2,9 ±0,1 m. 365±25 0,85 0,2

y-89m 96±20 170 16 ceK. 910 16,7±5 ceK. 0,08 0,02

Rh-103m 28±5 31 57 MHH. 40 58±2 MHH. 20,5±0,5 0,08 0,01

Ag-107m 220±14 250 44 ceK. 93 43,8±0,6 ceK 91 ±10 0,8 0,2

Ag-109m 39 cen. 88

Hf-179m 80±18 155 19 cex. 160;
215

19±2 ceK. 1 0,2

Ir-191m 90±20 250 4,9 cex. 42;
130

5±2 ceK.

32±3
67,5±5
96±5
130±10

5,6 1

Pt-195m 90±9 too 3*5 A* 31;

100;

130;

3,5 ±0,2 a. 0,2 0,04

Au-197m 240±16 520 7,2 ceK. 130;

277;
407

7,2± 1 ceK. 68:130:

280±20
390±20

0,07 0,01

Hg-199m 9.6±3,2 42 MHH. 160;

370
0,005 0,001

AcM Pkyt, tfu|. Tmm. XVI. JW 3.

form NBS-418
(REV. 7» 1 4» 64)
USCOMM-OC 20010-P64 PHOTONUCLEAR DATA SHEET 189

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STAnOARDS



ref. R. S. Hicks and B. M. Spicer

Nucl. Phys. A159 . 265 (1970)

M£THOO

ELEM. SYM. A 2

I

I

!
Sr 33

I

I

RE*. NO.

: 70 Hi 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABX 10-27 C 10-27 BF3-I 4PI

I iU- I. The [SrC-/, nj 2SrC-/, 2n)) cross section obtained by j<- .f the yield curve using three

i'.terl-iure • .cond diTerence calc alations. The resuiuU-
. ;>!icd is 1.08 MeV.

f

over

form NBS-418
(REV. 7-1 4-44)
USCOMM-OC 26010-P64

T

PHOTONUCLEAR DATA SHEET 190
U.S. OERARTMENTOF COMMERCE

NATIONAL BUREAU OF STANDARDS



200r

f

Fig. 2. Jhe [Sr(y, n)+ Sr(v, 2n)] cross section and calculated dipole spectra. The points portray the

rcsultobtaincd by 0.72 McV second ditTerence analysis and the continuous curse is obtained by Cook
least-structure analysis, for which the resolution, implicit within the method, is indicated by the

horizontal bars. Plain vertical bars represent the predictions of the dynamic collective model, whilst

the hatched bars show the results of the particle-hole calcui o.ion of ref. ‘). Analogue f> states

arising from the latter calculation are designated A.

l)B. Goulard, T.A. Hughes, S. Fallieros,
Phys. Rev. 176 (1968)1345.

/
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EUEM. STM.

A. Lepretre, H. Beil, R. Bergere, P.

Nucl. Phys. A175 , 609 (1971)

METHOD

REACTION

G,N

G,2N

RESULT EXCITATION
ENERGY

31?

3tu

ABX

ABX

11-27

19-27

Carlos and A. Veyssiere
Sr 38

REP. NO.

71 Le 1 egf

SOURCE

TYPE MANGE

11-27

11-27

oetector

MOD-

1

MOD-

1

ANGLE

4 PI

4 PI

tO 12 14 16 18 20 22 24 26 29

E <»*V)
I

Fig. 2. Partial photoncutron cross sections a(y, n) and ir(y, 2n) of Sr.

Tabu I

Lorentz line parameters corresponding to (its shown in fig. &

Rb Sr •»Y ,0Zr ’»Nb

<r ( (mb)

r, (MeV)

Ex (MeV)

192 ±10

4.1 ± 0.15

16.75± 0.05

207 ±10

4.2± 0.1

16.7± 0.05

225 ±10

4.1 ± 0.1

16.7± 0.05

211 ±10

4.0 ± 0.1

1 6.65± 0.05

:o2 ±10

4.7± 0.2

1 6.5± 0.05

Tabu 3

Integrated cross sections (the notation used is defined in the text)

Rb Sr •*Y **Zr *>Nb

(T0 (MeV • b) 1.14 ±0.06 1.42 ±0.07 1.36—0.07 l.26±0.07 1.33 ±0.07

<r#

0.06 NZ A~ l
0.9 15 ±0.05 1.09 ±0.05 1.04-0.05 0.95 ±0.05 0.97 ±0.05

a. , (mb) 67±4 80 ±5 77 ±5 71 5 '» -.5

a., (mb - MeV* ‘) 4±0.2 4.6 ±0.2 4.4 -0.2 4 ,_0.2 . 5 . 0.2

F- (MeV) 24 27 27 26 24 (over )

192

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OP STANDARDS



TOTAL PHOTO NEUTRON CROSS. SECT IONS

E (M«V)
I

Fig. 6. Total photoncutron cross sections <r r of Rb, Sr. **Y, *°Zr and *'Nb and best one Lorentz

line fit corresponding to parameters given in table I.
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ref.

R.F. Barrett, J.R. Birkelund, B.J. Thomas, K.S. Lam, and H.H. Thies
Nucl. Phys. A210, 355 (1973)

EL EM. SYM.

Sr 38

methoo REF. NO.

73 Ba 20 egf

REACTION RESULT
excitation
ENERGY

SOURCE oetectoa
ANGLE

TYPE RAN SC T Y P l HANOI

G,N NOX THR- 27 C 10- 27 BF3-I 4PI

•

-

MEAN NEUT ENERGY

H. Baba and S. Baba, Japan Atomic
Energy Research Institute report
JAERI-1183 (1969).
2

H. Baba, Nucl. Phys. A159 , 625
(1970)

.

15

T.D. Newton, Can. J. Phys. 34 ,

804 (1956).

Fig. 12. Experimental values of the level density parameter a, (Fermi gas formula plus pairing cor-

rection) versus atomic number A. The continuous curve is a least-squares fit to the data of a

theoretical calculation from Newton 13
>.

lOO 150

Atomic Number A

200

Fig. 15. Ratio a„,/a„ versus atomic number A. Here aM is the level density parameter taken from
the neutron resonance work of refs. '• 2

), and a„ is the level density parameter derived from the

present (y, n) work. Filled circles represent points where nuclei in the neutron resonance and in the

(•/, n) experiment were the same. Open circles represent points where the respective nuclei were
approximately matched. Triangles represent points which are based on measurement of neutron

mean energies at two bremsstrahlung energies only.

(over)

form N3S-418
(R EV . 7-1 4-«4>
USCOMM-OC 2C010-P04 PHOTONUCLEAR DATA SHEET 194

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOARDS



\
Table 3

Comparison of experimental and theoretical data on nuclear level densities with Fermi gas

formulae, and comparison of nuclear level density parameters from (y, n) and n-resonance

absorption experiments

Target N
(residual

nucleus) *)

Goodness

of fit*)

no with

p.c. p.c.

£.(24) T
(MeV)') (MeV) 4

) (MeV 1)*) (MeV-»)')
<W<>,

Ti *) 23 8% 1.93 8.l-*
7Ti 6.41-47Ti 0.79

24 8%
25 73%
26 5%
27 5%

V«) 27 100% 1.96 8.7-50V 6.35-,lV 0.73

Cr 25 4% P G 1.89 8.6-”Cr 6.9 -51Cr 0.80

27 84%
28 10%
29 2%

Mn 29 100% V.P. G 2.1 8.2-54Mn 7.82- s‘Mn 0.94

Fe 27 6% F G 1.96 8.0-5iFe 7.06-siFe 0.88

29 92%
30 2%

Co 31 100% P F 2.12 7.7-5,Co 8.35-‘°Co 1.08

Ni 29 68% V.P. P 2.04 1.4 6.5-S7 -7Ni 7.19-*»Ni 1.10

(Z - 28) 31 26%
32 1%
33 4% \

35 1% •

Cu 33 69% V.P. P 1.78 1.0 9.8-‘2Cu 8.90-**Cu 0.91

35 31%

Zn 33 49% F F 1.61 10.5-“*Zn 10.0-**Zn 0.95

35 28%
36 4%
37 19%

As 41 100% V.P. F 1.44 14.5-74As lZ81-7,As 0.88

Se *) 41 9% 1.39 13.3-7,Se 12.8 -7*Se 097
42 8% -

43 24%
45 50%
47 9%

Br / 43 45% V.P. V.P. 1.41 14.5-7,Br 12.69-,0Br 0.88

45 49%

Sr 47 10% F G 1.31 13.6-*7Sr 1 1.4 -,7Sr 084
48 7%
49 83%

*) Neutron numbers and abundances of respective residual nuclei in (•/, n) experiments.

*) These give an assessment of the goodness of fit of a calculated £„ versus £0 curve to the

observed data, using the Fermi gas level density formula both without and with pairing corrections.
c
) Bremsstrahlung photoneutron mean energies £a for peak bremsstrahlung energy E0 = 24 MeV.

"> Nuclear temperature from fit with constant-temperature formula.

*) Level density parameter ap derived from the present (y, n) experiment, using a Fermi gas

formula plus pairing correction, and corresponding residual nucleus (the atomic weight shown is

the weighted average of atomic weights of the respective isotopes present).

') As column 7, but using data on n-resonance absorption from refs.
l * z

).

*) Measurements of £„(£„) for these nuclei were made only for £0 = 21, 23 and 24 MeV.
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Cross

iet

lion

per

eq

quantum

(
pb)

A. Jarund and B. Forkman

Z. Physik A281 , 39. (1977)
38

G,NA24 ABY

£•>=:- w i

THR-999

Sr

‘.a.

77 Ja 2

4 : =

—« 1 •'•t

400-999 ACT-I 4

eg

999=1 GEV

Ki". 1 a-j. The measured yield si ;

v*-: .mtii detected. The >
-
’.id in

:

been recalculated usir.i the rr.. rite

:ion of b:os«:’,:h'

I to "a t y ic’d pc.rtt?

- r.

eW
- ~ ^ • U- J

r.c end pci-.: energy . The error bars give the statistictdorrors ir. the numbers of y-

. :th the '.ee.-t-squircs ttt.thcd. Trie; ieid from CmFii I ai is measured in [1] and has

Ki;. Z. —rs mean cross section in the energy ranee 400 to 1000 McV
4--- • - -- '~ the yields of F.uun 1 in this work and of Figures t to

Tin e T."1* is giver r rars in some points

Fi;. 4. Mean cross sections of the present work and of [t] (•)

compared with the cross sections in proton irradiations: * 400 McV

from [4], o 700 MeV from [16] and an extrapolated value from [17].

v 3GeV from [18]

. j. • ri • t * r 196
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Ref. p. F. Yergin, B. P. Fabricand

phys. Rev. 104 , 133^ C 1956)

Elem. Sym.

Sr 86 38

'

Ref. No.

56 Ye 2

Method 2k MeV Betatron; 250r Victoreen in 3*75 Lucite; neutron detector
EGF

Reaction E or AE ad E J rr Notes

Sr
86

(7,xn) Bremss.

2k

15-9 5.0MeV J =0.92 MeV-b
0

isotopes. Full curve Sr* short dashes Sr*’, long dashes Sr“ iSe
nf

l

?i
e
.
a)

?
d^ble

fafh I
n
5
rk? on cu^e represent the locations^ r“PeCUVeiy- ^ units 01

Table III. Parameters of giant-resonance cross-section curves
for reactions in nuclei near 50 neutrons. Nuclides -:.\s

:s
,

4iNbM , and .iRh 10* from reference 4, <oZra and ,oZr 11 from reference

5 recomputed in present work. Neutron number is shown in

column 2, location of peak cross-section value in column 5. neak
cross-section value in column 4, half-height width of curve in

column 5, and area under curve from threshold to 23 Mev in

column 6.

Nuclide iV

F:
(Mev)

<Tm

(millibams)
r

.'Mev)
f**dE

VMcv-b.ims)

jjAs7* 42 17.3 90.3 9.0 0.30

:,Sr“ 4S 15.9 160 5.0 0.72

aSr*» 49 15.8 146 5.3 1.00

aSr** 50 10.3 201 4.0 1.1)5

»YM SO 10.3 191 3.3 0.57

,oZr“ 50 15.S 199 4.3 0.98

.oZr» 51 16.5 200 5.0 1.22

,oZr*» 52 16.9 193 3.0 1.24

«iNbM 52 17.0 195 6.3 1.46

4^h‘“ 58 16.5 205 3.9 1.94

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF ST4NOAROS

form NBS-418
(8-1-43)
U5C OMM-OC 185S4-R43

PHOTOHUCLEAR DATA SHEET 199



’••cf. J.H. Carver, G.E. Coote, T.R. Sherwood
Nuclear Phys. ~7

, U-k-9 (1962)

Mi-.hod
1)0 MeV electron synchrotron; activation; Nal

Kraccion E or A E E
o

r •

S"
JE

86
.

>Sr 0Y,n>
Bremss.

30

ms l

Isonario Ratio. from (r.n) reactions

Residual Nucleus Xsoaer ratio

Tary.t J
Ground state Lletaatable state

V(T
1 * V

9

Nucleus 1 Spin Half-Ilf. Spin Salf-Ilfa Spin

s«59 7/2- Co*
8

71.3d 5* 9.2h 0.44*0.02 3.2 i0.2

0.* 0* 0.75 1/2- 82n 7/2* 49. 0.48*0.07 2.8 *0.5

Br
81

3/2’ ar
80 1* 18b 5- 4.4k 2* 0.32*0.02 6.5 *1.0

Sr
86 0* Sr85ar 9/2* 64d 1/2* 70n 7/2* 0.36*0.07 2.2 *0.4

Sr*° 0* Sr
8* 9/2* 79h 1/2- 4.4a 0.33 *0.10 2.8 *0.7

Ko*
2 0 Ito*

1 9/2* 15.7a 1/2- 66e 0.46 *0.04 •:$
4*'07 1/2" V06 1* 24a 6 8.3d 0. 04 * 0*. 02 2.0 *0.3

In
1” 9/2* In

112 1* 14.5a 20.7= 7" o.a *0.1 3.1 *0.7

Cd"6 0* Cd
115

1 1/2*
1

' 53h 11/2 43d $ 0.2 £ 3

C.
140 0* c”9 ;

3/2* 140d 11/2- 55. 0.08*0.01 2.5i0.2

!
H,

1* 0* H.’* 1/2" 65h 13/2* 24h
\%-

0.05 *0.01 3.4*0. 5

Previous work

|
3r

81
.13/2* ar

80 1* 18b 5" 4.(h 0.33 6.5

!
S.

82^ 0* S.
81 1/2* 13b 7/2* 57c 0.5 3.0

0* Zr
8* *

9/2 79h 1/2- 4. jn 0.44 *0.06 4.5 *1

|
In^’V In

114 „
1 72. 5* 50d 8 0.85 3.0

i

(V2.5.)

1)

2)

3)

4)

5)

6)

7)

8 )

9)

10)

11 )

12 )

13)

14)

15)

16)

17)

18)

19)

20 )

21)

22 )

23)

I

Elea. Sya.

Sr 86 38

Ret. No.

62 Ca 1 JHH

J " Notes

JJ^DtDCE^

Jo a. Balsonga and H. Vandenboeoh, Phys# Rev. 120 (i960) 1505

To Srlosoa, Advmoes in Physios, ± (i960) 425

D« L. Allan, Nooleer Physios l± (1961) 274

C. T. -Hlbdon, Phys. Rev. HI (1959) 179

Co T. Sibdon, ftiye. Rsto 122 ( 1961 ) 1235

To Srloscn, Nuclear Physios 1J, (1959) £81

Jo S. Carver and 0. A. Jonas, Nuoleer Physios 12 (1980) 184

Ao Co Douglas and N. Uacdoneld, Nuclear Physics U (1959) 382

To Ericson and V, II. Samtinski, Nuclear Physios £ ( 1 950 ) 284

Lo Kats, L. Pease and 3. IXoody, Can. Jo Phys. JO (1952 ) 478

L. Eats, Ho 0. Eaker and H. jlontalbetti, Can. J. Phys, H (1953) 250

£• Silva and J. Coldeoberg, An. Aood. 3rasil Cianoa £§ (1956) 275

J. 3. Carver and 2. C. Peaslee, Phys. Rev. 120 (i960) 2155

J. LI. Blatt and V. F. Weisskopf "Theoretical Nuclear Physics'*

New fork* Wiley (1952)

So 2. Yegors. Lo L# Llarsden arl £. L. Heath, N.S. Atone Energy
Commission Report IDG-16570 (1958)

Nuclear Data Shoots, National Research Council, Washington (i960,

up to and including Set 5)
Ro 7andenbosch and J. R. Huizenga, Phys, Rav, 120 (i960) 1313

£0 Weigold and Ro Clover, Nuclear Physics (in press)

Eo J# Le Couteur and 2. W. Lang, Nuclear Physics H (1959) 32

T. D. Newton, Can. J. Phys. ( 1956) 804

Do W. Lang, Nuclear Physics £6 (1961) 434

LI. Eo Rose, "Internal Conversion Coefficients'*. Ansterdaa* North
Holland Publishing Co. (1958)

J. Goldeoberg and L. Eats, Phys. Rev. 22 (1953) 5°8

1

ro rm NBS-413
( 0 * 1 *13 )

USCOmm-OC 1 0536-P«3
/
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REF.

METHOO

F.Z. Khien, N.K. Zui, N.T . An

Yad. Fiz. 35, 257 (1982)

Sov. J. Nucl . Phys. 35, 145 (1982)

EL EM. SYM. A

Sr

REF. NO.

38

82 Kh 2 egf

REACTION RESULT
excitation
ENEROY

SOURCE DETECTOR
ANGLE

TVKS KANOS TYPE KANOS

G,N NOX 12-14 C 14 ACT-

1

4PI

ISOMERIC RATIO
The method is developed for calculation of the isomeric ratio for the case of low excitation energy of the

residual nucleus, and the isomeric ratio is measured in the (ji . 2it ) and |y, n )
reactions in the neutron-deficient

nuclei '"Mo, “Zr. “Sr, and ‘Sc. The good agreement between the experimental and theoretical results on the

|y, a) reaction has confirmed the reliability of the characteristics of the residual nuclei, the transmission

coefficients of the emitted neutrons, etc., used in the calculations. From study of the (n, Zn
)
reaction we have

obtained values of the parameters of the spin dependence of the level density of the nucleus in the excitation-

energy region — 14 MeV.

PACS numbers: 23.20. + y, 25.40.Gr, 27.50. + e, 27.60. •+ j

TABLE HI. Isomeric ratio In the fy.n) reaction.

Tarftt nucleus «.«» Published data'*

MMo 1.54x0.15 L34 I.SZxO.tS cm (01
1.1*3— 4 * -1 ||n|

lllUxii.li; (3m (i;>|

"Zr 1.52x0.04 1.49 0.3*1x11.13 (3u) (I3|

••Sr iVTIteO.uT 086 H.GSxO.U (3m ( 13

1

T‘St T.5xl.O III.* »
8tt»»

"in parentheses we have given the values of the bremsstrah- '

lung maximum energy.
J)In the calculations we used the nSe level scheme of Ref. 2,

r.= 7/T and lm = \/T.
5 ’In the calculations we need the level scheme of aSe In Ref. 3.

1,-9/T and lm = Z/T.

form M3S-41S
<R EV. MAUI
USCOMM.OC 2*010.084

U.S. OEPARTMENTOF CO.-.lMtPC-
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Ref. P.F. Yergin, B.P. Fabricand

Phys. Rev. 104, 1334 (1956)

Elem. Sym. A Z

Sr 87 38

Method
MeV Bet4tron; 250 r Victoreen in 3.75 cm Lucite; neutron detector

Reaction E or AE E
o

r
S'

4 ® J *

Sr
87

(T,xn)

Bremss.

24
15.8 5.3 MeV

[
=1.00 MeV-b

' 0

ef. No.

56 Ye 2 EGF

Notes

Fto. 2 . Cross sections for the (y,n) reactions in strontium
isotopes. Full curve Sr*4

,
short dashes Sr47

,
long dashes Sr44 . The

single and double slash marks on each curve represent the locations
of the (y,pn) and (y,2n) thresholds, respectively. The units of
the ordinate tt* v cm4

.

Taulf. III. Parameters of giant-resonance cross-section curves
for reactions in nuclei near 50 neutrons. Nuclides -

;As:s
,

«XIjm
,
and r.Rh104 from reference 4, taZr'1 and ,oZr3 ‘ from reference

5 recomputed in present work. Neutron numoer is shown in

column 2, location of peak cross-section value in column 5. peak
cross-section value in column 4, half-height width of curve in

column 5, and area under curve from threshold to 23 Mev in

column 6.

Nr.elide tV
Em

iMcv)
9m

(mill.hams) (Mev) (Mev.bams;

«As :* 42 17.3 90.3 9.0 0.50
isSr44 4S 15.9 160 5.0 0.92
jsSr*' 49 15.3 146 5.3 1.00
nSr 34 50 10.3 201 4.0 1.05

i»V 8‘ 50 10.3 191 3.3 0.S7
.oZr“ 50 15.8 199 4.3 0.98
,oZrJl 51 16.5 200 5.0 1.22

.oZr” 52 16.9 193 0.0 1.24

tiNb94 52 17.0 195 6.S 1.46
..Rh‘“ 58 16.5 205 S.9 1.94

form NBS-418
18 - 1-831
uscomm-oc isssa-Po

PHOTONUCLEAR DATA SHEET 205
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Y. Oka, T. Kato, K. Nomura, T. Saito, Hui-Tuh Tsai
BulL. Chem. Soc. Japan ^1, 380 (1968)

EL EM. SYM.

Sr 87 38

METHOO

68 Ok 3 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

G,P ABY THR-20 C 20 ACT-

I

ZPI

I Ani.t I . Summary op data on (/, p) reactions with 20 MeV brxmhtrahluno

Nuclide

Parent Residual
(Natural (Half-life)

abundance. %)

s,
(MeV)

Observed y-ray

Yield determined
Energy
(MeV)

Branching
ratio (%)

Type of
multipole
transition

pCi/mg*> Yield/mol -R

"Mg (10.11) -*Na (15 hr) 12.06 1.37 100 £2 1.48x10-* l.7x 10*

»Si (4.71) ”A1 (2. 27 min) 12.33 1.78 100 £2 1.91 2.8x10*
>*Si (3.12) **AI (6. 56 min) 13.59 1.28 93.8 £2 + A/1 6.5IXI0-* 1.5x 10*

**Ca (2.06) **K (22.4 hr) 12.17 0.374 85 £2 + A/I 7.86x10-* I.3xl0»
*rTi (7.32) ••Sc (84. Id) 10.47 0.887 100 £2 7.11x10-* 3. 1 x 10*

**Ti (73.09) •’Sc (3.4d) 11.44 0.160 100 £2+ A/1 6.83xl0-» 1.2x10*
**Ti (5.46) ••Sc (l.8d) 11.35 1.31 100 £2 4.40x10-* 5.8x10*
«Cr (9.55) »v (3.8 min)

.

11.15 1.43 too £2 5.01x10-* 6.6x10*
”Fe (2.17) «Mn (2.58 hr) 10.57 1.81 23.5 £2+ A/I 8.10x10-* 2.1x10*
’•Ge (36.74) "Ga (4.8 hr) 10.92 0.295 97 (£2) 3.70X 10-

*

1.3x 10*
,:Se (7.58) ’•As (26.5 hr) 9.61 0.559 41 £2 I.48x I0-* 1.3x10*
•’Sr (7.02) **Rb 09d) 9.41 1.08 9 £2 5.15x10-* 9.9x10*
ll,Cd (12.26) "*Ag (3.2 hr) 9.74 1.39 35 £2 1.91xl0-s 2.1x10*
"’Sn (7.57) "•In (54 min) 9.58 1.27 84 £2 9.80x10-* 6.9x10*
'•’Ba (11.32) »*Cs (13d) 8.67 0.830 100 £2 t.68xl0-‘ 2.2x10*
‘"Hg (16.84) i**Au (2.7d) 7.27 0.412 100 £2 8.43 x 10-* 2.2x10*

a) The value corrected at the end of 1 hr irradiation (9.4 x 10* R/min).

Fig. 2. The yield curve for the (r, p) reaction

with 20 MeV bremsstrahiung.

form NBS-418
(R EV. 7* 1 4» 64)
U3COMM.DC 20 01 0* PQ4 PH0T0NUCLEAR DATA SHEET 206
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E. J. Winhold, B. H. Patrick, E. M. Bowey, and D. B. Gayther
PICNS-73, Vol.I, p. 701 AsilomarREF. EL EM. SYM. A Z

METHOD

Sr

REF. NO.

87 38

73 Wi 6 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 8- 11 C 9- 12 TOF-D 130

NO PEAK OBSERVED

Table I

Reaction
Thres-
hold
(MeV)

Energy-

Range of
Experiment
(MeV)

Observed Peaks
Peak
Energy
(MeV)

-t— at oeak
rv.> *

(mo/ster.

)

57
Sr(7,n

o
) 3.11 9.4-11.1 (MeV-mb)

87
Sr(7,ni ) 9-52 10.5-11.1

91
Zr(7,n

o
) 7.19 7.8-10.3 9.1 1.2 20

^No^n^) 6.32 7.8-9.

2

8.1 0.3 3

^"^CdC 7,n
Q ) 6.54 7.4-9 .

3

7.7 0.9 7

LL7
Sn( 7 ,no ) 6.94 7. 6-8.

8

7.8 2.5 20

LL9
Sn( 7 ,n

Q
) 6.18 7. 1-9.0 7.8 1.6 18

8T
The 'Sr cross sections display no peaking. The ground state ( 7 ,nQ

) cross

section is small and by 11 MeV is overwhelmed by the ( 7 , n^) cross section to the first

86
excited state of Sr. At 11 MeV the (y,n^) cross section is roughly 0.8

millibarns per steradian, and is order-of-magnitude larger than the ( 7 ,n ) cross
o

section, and comparable to the extrapolated giant resonance cross section. This

general behavior is not unexpected since
^7Sr has j’*= 9/2

+
so that for dipole

absorption the emitted ground state neutrons must have X>3 .

FORM N3S-418
IR EV. 7-1 4-041

USC OMM-N BS-OC
/

PHOTONUCLEAR DATA SHEET 207
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Yoshihisa Watanabe, Takeshi Mukoyama

Nucl . Sci. Eng. 80, 92 (1982)

CL CM. SYM. A

METHOO

Sr

ree. no.

87 38

82 Wa4 egf

REACTION RESULT
excitation
ENERGY

SOURCE OETECTOR
ANGLE

TV PI RANGE

G,G/ ABY 1 C 1 .3* ACT-

1

4PI

1-1 .23 MEV, *C0-6Q

A photoexcitation process by gamma rays from a 60Co source has been studied

for the nuclei of s7Sr, 1!ICd, U^ln, and l76Lu. The induced isomeric activity was

measured with a Ge(Li) detector. The Jlux of photons scattered into the target has

been estimated with the Monte Carlo method using the single-scattering approximation.

From the observed induced activities and the calculated photon flux, the integral

cross sections for isomer production by photoexcitation were obtained and compared

with other experimental data.

TABLE II

Integral Cross Sections for the Isomer Production by Photoexcitation (XI
O'25 cm 2 eV)

87
Sr

Il,Cd us
In

176Lu
Photon

Source Reference

Chcrtok and Booth 0.6 £0.2 0.71 ±0.23 Bremsstrahlung 5

Booth and Brownson O.S5!S;5 1.15 ±0.4 Bremsstrahlung 6

Boivin et al. fi R*0 *4
U -aH3.0S y-s Bremsstrahlung 7

Lakosi et ai. 1 .02 ± 0.26 1.05 ±0.27 “Co 11

Yoshihara 3.0 ±0.8a 1.5 ±0.3 23 ±0.4
69 ± 1

2

a

140 ± 30a
“Co 3

Veres 0.5 to 0.62 0.8 to 1.5 0.9 to 5 “Co 23

Present work
4.2 ±0.6b

5.6 i0.8 c 1.1 ±0.2 3.5 ±0.2
39 ± 27b

48 ± 34°
“Co

^Obtained as the relative value to
us

In.
b
Provided that the partial level width ^r0 = IX 10* 3 eV.

'Provided that the partial level width gT
0
=1X10"* eV.

FORM
(REV. M4.«4I
USCOMM.OC 2t0t0-p«4 PHOTONUCLEAR DATA SHEET 208
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REF.

R. H. Helm
Fhys. Rev. 104, 1466 (1956)

ELEM. SYM. A

Sr 88 38

METHOO REF. NO.

56 He 3

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ FMF 1-7 2 187 MAG-D nsT

Fig. 3. Inelastic angular distributions (observed cross section

divided by Feshback point-charge cross sections). The results of

Hahn tl al. (reference 8) for Ca and of Fregeau and Hofstadter

(reference 11) are included for comparison.

Fig. 6. Comparison of typical experimental and calculated
squared inelastic form factors. Both the Sr (1.85 Mev) and Mg
(1.37 Mev) are known to be 2+ levels. The calculated curves
are for a "smeared 4-function” transition charge density (see

Sec. V) with values of R/g taken from the elastic results. The
abscissae for the experimental data are scaled by values of R
taken from the elastic results [Table III (a)} Shown for compari-
son (upper curve) is a squared form factor calculated from a
quadrupole transition charge density whose radial dependence is

constant for r<R, zero for r>R. This would give a poorer tit to
the data than the 4-function distribution, indicating that the
quadrupole vibrational mode is approximated better by a trans-
verse wave in an incompressible nuclear fluid than by some sort

of a compressional body wave.

Fig. 7. Inelastic “universal curves.” A composite plot of

inelastic data from Mg, Si, S, Ca, and Sr against g.-l*. The various

form factors are arbitrarily normalized to minimize the spread of

points. The point from sulfur and the point from silicon which
seem to deviate from the “universal curve” are assumed to contain
undetected experimental errors. The curves lal>cled Mg(£2),
Sr(£2), Ca(£3),and Sr(£3) are calculated for electric-quadrupole
and-octupole transitions using the “smeared 4-function” transition

charge densities of Sec. V, and are arbitrarily normalized.

form N3S-418
(R EV. 7-1 A-8AI
USCOMM.OC 280I0-P84

/

PHOTONUCLEAR DATA SHEET 211
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(8-1-63)
U3COMM-OC I8336-P03
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REF. ELEM. SVM.

R.B. Begzhanov and A. A. Islamov

J. Exptl. Theoret. Phys. (USSR) £7, 768 (1964)

Soviet Phys. JETP 20, 513 (1965)

METHOD REF. NO.

A

88 33

Resonance scattering, self-absorption 64 Be 7 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G LFT 2 D 2 D

(1.85) (1.35)

= (6.0 ± 1.2) x 10" 3 eV or

T = (1.10 ± 0.22) x 10
13

sec, for the 1.35 MeV level.

form NBS-418
(REV. 7-14-64)
use OMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 213
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G. A. Peterson and J. Alster
Phys. Rev. 166 , 1136 (1968)

METHOD

EL EM. SYM.

Sr 38 38

REF. NO.

68 Pe 1 HMG

reaction RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ RLX 1-7 D 65,70 MAG-D 58-70 DST

B(EL); SEP ISOTPS

Table L Experimentally determined values of the reduced

nuclear radiative transition probabilities B(EL) for the excita-

tion of a nucleus to a level at energy £* above its ground state

by a transition of electric character and multipolarity L, in

units of «*FU
,
where 1 F— 10-1’ cm. The last column gives

B(EL) in single-particle Weisskopf units according to Eq. (4).

£* L
B(£0—• L) C.

(W.u.)

1.84 2

Sr"

990*50 8.5

2.74 3 80 600*3000 25.0

4.0 2 190±40 1.6

6.5 (2) 130±30 1.1

(3) 13 000±3000 4.0

1.50 2

Y»
120*50 1.0

1.73 2 140*40 1.2

2.21 3 33 700*3000 10.2

2.52 3 37 800*30t0 11.4

2.86 3 32 300*3000 9B

Fio. 5. Distorted-wave inelastic cross section in units of the
Mott cross section versus momentum transferred to the Sr"
nucleus for the electric quadrupole excitation at 1.84 MeV and
for the electric octupole excitation at 2.74 MeV. An incompres-
sible and irrotational hydrodynamical model was assumed.

form NBS-418
(REV. 7- 14-841
USCOMM-OC 2801 0-P84 PHOTONUCLEAR DATA SHEET 214

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



M. Hasinoff, G. A. Fisher, H. M. Kuan and S. S. Hanna

Phys. Letters 30B , 337 (1969) Sr 38 33

METHOD REF. NO.

69 Ha 1 egf

REACTION RESULT EXCITATION
energy

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G RLX 15-22 D 4-12 NA1-D 10-22 90

Fig. 3. Yield curve of 8Y Rb<p.yQ)
88Sr at 90°. The pre-

dicted resonances (1 ]
are shown as vertical lines whose

heights are proportional to Fy0 . The two highest lines
have been suppressed by factors of 5 and 15, as indi-

cated.

FORM NBS-418
(R CV. 7.1 4.841
USC OMM.OC 28010.P84 PHOTOHUCLEAR DATA SHEET 215
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K. Shoda, M. Sugawara, T. Saito, and H.

Phys. Rev. Letters 2^, 800 (1969)

METHOD

Miyase
c.t_ c.m. o i

Sr 83 38

REF. NO.

69 Sh 5 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

ABX 14-25 D 16-30 MAG-D

0 i
—

FIG. 1. Cross section of MSr(y,/>„). The vertical

lines show the theoretical radiative widths of IAS from

Ref. 5.

Assumption is made that photoproton

emission leaves the residual nucleus

in the ground state.

5B. Goulard, T. A. Hughes, and S. Fallleros, Phys.

Rev. 176, 1345 (1968).

FORM N8S-418
(R EV. 7.I4.MI
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K. Shoda,
PICNS-69

METHOD

M. Sugawara, T. Saito & H. Miyase
Proceedings of the Conference on Nuclear Isospin.
Asilomar-Pacif ic Grove, California, 1969 (Academic Press,
New York & London 1969) p. 125.

EL EM. SYM. A

Sr

REF. NO.

88

z

38

69 Sh 6 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,P SPC 14-30 D 30 MAG-D UKN

N.

i-

”
Sr

• S. Ee = 30 MeV

V*
•Av’< •*.

0 2 4 6 8 10 12 14

£ Ee = 20 MeV
,v/~v

'V,

.

0 2 4 6 S 10 12 14

1 a *
1 * Zr

!

4 Ee* 20 MeV

V

0 2 4 6 8 10 12 14

N
» I

.*.*.’>
fi

V.
Mo
Ee=23 MeV

0 2 4 6 8 10 12 14

Co (MeV)

Fig. 1. Energy distributions of photoprotons.
Vertical broken lines and solid lines
indicate the position of pQ corres-
ponding to the ground IAS and electric
dipole IAS ( 2-4 ) respectively.

!
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,EF - I* Blomqvist, G. Nydahl and B. Forkman
Nucl. Phys. A162 , 193 (1971)

ELEM. SYM. A

Sr 88 38

i REF. NO.

I

i 71 B1 1 egf

RESULT
EXCITATION SOURCE oetector

REACTION ENERGY TYPE RANGE TYPE RANGE
ANGLE

G
?
PI+ ABY 150-700 C 150-700 ACT-

1

4PI

SEE 68 NY 1

Fig. 4. Absolute yield for M Sr(y,:i*),, Rb.
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(R EV. 7*1 4- Q4)
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REF.

K. Shoda, M. Sugawara, T. Saito, H. Miyase, A. Suzuki, S. Oikawa,
and J. Uegaki

PICNS-72, 321 Sendai

CL C.M . a r M. A

Sr 88 38

METHOO REF. NO.

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,P SPC 17 C 16- 18 MAG-D UKN

(17.2)

I A STATES

Np
> 30MeV

M
Zr 16.2 MeV IAR

16.7MeV- 16.0MeV

Np tlfa**?*utt it t i

.
8 ,0

i W 16.7 MeV

Vv%
160 MeV t

4 6 8
Ep (MeV)

(b)

10

S3

SO

HIWmwmw,

siM
5%

,h11/2

’9
?

n

Jd 3/2

3*1/2

m5/2

'99/2

30l/2

,f5n
J P3/2

18.0MeV
-16.8MeV

W///////Y/A

(a)

Fig. 7 (a): Shell model diagram of ,0 Zr and 88 Sr.

(b) : Energy distributions of
,0 Zr(e,e'p).

(c) : Energy distributions obtained from difference

method. Residual states for 16.2 MeV IAR are

shown by arrows.

(d) : Energy distributions obtained from difference

method for a#
Sr. Residual states for 17.2 MeV

IAR are shown by arrows.

Fig. 11 The (y,p) cross sections of
88Sr and l42Nd. The (y,p0 )

and (y,n) cross sections are
also shown.
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REF.

METHOD

S. Datta and J.S. Allen
Phys. Rev. C8, 1421 (1973) Sr

REF. NO.

88 38

73 Da 10 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G ABX 8- 12 2 8- 12 NAI-D 131

CLASTIC SCATTERING CROSS SECTION

FIG. 1. The elstatic scattering cross section of mono-
chromatic photons on 5>Sr. The different symbols rep-

resent four sets of experimental data.

INELASTIC scattering cross SECTION
FOR THE FIRST EXClTEO STATE

FIG. 2. The Inelastic scattering cross section for the

first excited state of ™Sr. The different symbols repre-

sent three sets of our experimental data.

ESTIMATED TOTAL PHOTON INTERACTION CROSS SECTION

FIG. 3. The total photon-interaction cross section
estimated from four sets of elastic scattering data. The
dashed curve U an extrapolation of the (r, n) cross sec-
tion of 9,Sr measured by Lepetre etal. (Ref. 2). The soi-
ls curve is an extrapolation of the 98

Srfy,n) cross section
of Spicer etal. (Ref. 1). Both of these curves weredrawn
with the assumption that the giant dipole resonance can
be represented by a Lorentz resonance function. The
levels predicted by Goulard. Hughes, and Fallieros
(Ref. 4) are shown by vertical bars with values of the
predicted ground-state radiative widths In eV.

form N3S-418
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S. P. Fivoz insky, S. Penner, J. W. Lightbody , Jr.

Phys. Rev. C9, 1533 (1974)

METHOO

and D. Blum
ELCM. SYM.

Sr 88 38

ref. no.

74 Fi 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE HANOI TYPE HANOI

E,E/ FMF 1. 3 G 45-121 MAG-D DST

(1.84,2.74)

LEVELS 1.84,2.74 MEV

FIG. S. Tassie-model fits to **Sr 2* and 3” form fac-
tors.

Elastic scattering data for
88

Sr and
89

Y.

TABLE in. Electron scattering form factors for 88Sr.

Level

Incident

energy

(MeV)

Lab scattering

angle

(deg)

7
(fm

-1
) |F'|

J

Standard

deviation

<%)

Ground 120.85 110.5 1.005 0.6695 xlO"2 1.2

state 100.87 128.2 0.919 0.8558 x 10"2
1.6

0* 101.17 110.5 0.842 0.6633 xlO"1
1.2

80.86 128.2 0.737 0.1004X10"' 1.7

80.95 110.5 0.674 0.1984x10"' 0.7

67.07 128.2 0.611 0.4660x10"' 0.6

60.48 128.3 0.551 0.9065x10"' 0.7

53.46 128.3 0.487 0.1790 0.6

- 45.42. 128.3 0.414' 0.3351 0.5

1.84 MeV 120.85 110.5 ... ... • . •

2* 100.87 128.2 ... ... ...

101.17 110.5 0.834 0,2953 xlO"3 4.7

80.86 128.2 0.728 0.5591 xlO" 3 5.8

80.95 110.5 0.666 0.7535 xlO"1 3.6

67.07 128.2 0.603 0.7610 xlO"1 4.1

60.48 128.3 0.543 0.9175x 10"3 3.1

53.46 128.3 0.479 0.8745 xlO"1 4.1

45.42 128.3 0.406 0.6099X10"3 4.6

2.74 MeV 120.85 110.5 0.994 0.5636 xlO"3 4.1
3" 100.87 128.2 0.906 0.8164X10'3

5.9

101.17 110.5 0.830 0.1086 x 10"2
2.2

80.86 128.2 0.724 0.1139x 10" 2
3.2

80.95 110.5 0.662 0.1048X 10"2 2.9

67.07 128.2 0.499 0.7969X 10"3
3.8

60.48 128.3 0.539 0.6788x 10"1 4.7

53.46 128.3 0.475 0.4209x 10"J 5.9

45.42 128.3 0.401 0.2373 xlO"3
9.1

(over)
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TABLE V. Reduced transition probabilities (

B

(£L)»).

Nucleus Level

B lEL)\ (Tassie model)

Weisskopf

(#* (m2*) units

Prediction of mixed model
5 (EL) * for mY 3“ transitions

Weisskopf

(e
2 fm8

) units

**Sr

**Y

2*. 1.84 MeV
3", 2.74 MeV

\~.L -2

_ 1.51 MeV

|
,L -2
1.74 MeV

822.4* 23.8

62 034 ±4015

130.7* 17.57

196.8* 13.89

7. 0*0.2

19.3*1.2

1.1*0.1

1.7*0.1

f.Z.-3
2.21 MeV

I* ,L =3

25 777 ±2251 7.8±b.7 24 836 7.5

2.52 MeV 36 603 *2818 11.1*0.9 25 764 7.8

<r.r,.*-3
2.86 MeV

(f,f).X.=2
3.1 MeV

50536 *5000

144.6* 11.66

15.3*1.5

1.2 *0.1

30160 9.2
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CL CM. 5YM.REF.

K. Shoda, M. Sugawara, T. Salto,

Nucl. Phys. A221
, 125 (1974)

METHOO

and H. Mlyase
Sr 88 38

REF. NO.

74 Sh 6 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,P ABX 14- 26 D 14- 30 mag-d DST

Table 5

The radiative width of the narrow El IAR obtained from the proton group in the proton spectra

Nucleus Et

(MeV)
Ep

(MeV)
EU(J”)

(MeV)
p A P» *

'T
(eV)

V> 2(7+1)
(ev)

2(7+1)
* l>P>

(P, */o)

data r
r

(eV)

*°Zr

i«Y

“Sr

14.5

16.3

16.3

13.0*)

14.5 *)

15.9 *)

17.1

17.1

17.3

17.3

6.0

7.9

6.3

5.9

7.3

8.7

6.5

5.6

6.7

5.9

0 a-)

0 (J-)

1.51 (»-)

0 (
0)

0 (0*)

0 (0 +)

0 (J-)

0.85((i-))

0 (D
0.85 «i'))

26

74|

52)

13

16

42

9.5

4.9

30

18

26 b
)

126 ')

13
b
)

16")

42 b
)

14')

48')

0.076

0.26

*0.13 f
)

0.14 f
)

0 .68 r
)

> 30*)

> 60 •)

13±3 ")

U±2‘)
40±8 h

)

0.029

0.094

The available data with the (p, yo) experiment are shown in the last column.

•) The errors may be as 30% (for
90Zr, “Sr) and a: 50% (for

i9Y) including the uncertainty

of the process to separate the proton group.

*) r,jr =• l was assumed. *

') (rP0 +r„)/r = 1 was assumed.

•*) J" = was assigned as shown in table 3.

•) J” = was assigned as shown in table 3:

f
) Correction was made for the spectroscopic factors on the ground state and the excited state

with the data of the (He*, d) and (d, p) reactions respectively.

•) Ref.
17

).

") Ref. *).

Fig. 13. Comparison of photoproton cross sections of “Sr. (a) Present result, (b) Ref. !
). (o),(d)

Theoretical estimates, refs. 1 *• ,s
) respectively.

^ Hasinoff et al. , Phys. Lett. 30B (1969) 337.

^P. Paul, Proc. nuclear structure studies using electron scattering and photoreaction,
ed. K. Shoda and H. Ui (Research report of Lab. Nucl. Sci. Tohoku Univ. , vol.5, 1972) p.343.

B. Goulard et al. , Phys. Rev. 176 (1968) 1345.
15

J.D. Vergados et al. , Phys. Lett. 35B (1971) 93.
27 .
J.L. Black et al. , Nucl. Phys. A92 (1967) 365. (over)
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Fig. 16. Angular distributions of proton groups indicated by hatching in the proton spectrum which

is summed over various angles. The result for group B is compared with that of the E, — 7.9 McV
group of *°Zr (dashed line).
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R E F F. R. Metzger
Phys. Rev. Cll, 2085 (1975)

ELEM. SYM.

Sr 88 38

METHOO REF. NO.

75 Me 5 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G. G LFT 4 C 4 SCD-D DST

(4.744) (4.944)

T2 /T - 95±20 meV
o

4=4.744 MEV

TABLE L Comparison of the angular distribution

results with theoretical predictions.

y*(98‘)

NK(i2r)

3487 1* 0.70a 0.05
EXPERIMENT 4743 0.75a 0.20

Spin 1 (0-1-0) 0.75
THEORY

Spin 2 (0-2-0) 2.08

form N3S-418
(R EV. 7*1 4-64)

USCOMM-N8S-OC
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K. Shoda, H. Miyase, M. Sugawara, T. Salto, S. Oikawa,

A. Suzuki, J. Uegaki

Nucl. Phys. A239 , 397 (1975)

METHOD REF. NO.

75 Sh 4 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.P ABX 16- 26 D 14- 25 MAG-D 90

El viz~tual photon spectrum used to obtain (y»P) cross sections.

ELEM. SYM.

Sr 88 38

Fig. 3. Differential (y, p) cross sections at 0 = 90’ analysed from (e, e'p) cross sections by the least

structure method.

Fig. 5. Upper figure: open circles. a(y, p); closed circles. a(y, n) [ref. *•)]; closed points, a(y, p0 )

[ref. **)]; solid line, Lorentz line fit to the T< region of a(y, n) [ref. “)]; dotted line, Lorcntz line

fit to the F< region of a(y, p) with r, and £* equal to those of a(y, n). Lower figure: ratio between
cross sections. Dotted line: constant for a(y, p)/a(y, n) determined around T< GDR.

Fig. 4. Angular distributions of protons from the (e. e'p) reaction. The bombarding energies are

21.5, 22 and 20 MeV Cor **Sr,
')0Zr and -J2Mo respectively. The best fit curves obtained with eq. (7)

are also shown.

form N3S-418
(REV. 7-1 4-641

USC OMM-NBS-OC

15

K. Shoda et al., Nucl.
Phys. A221 (1974) 125
18

A. Lepretre et al., Nucl.
Phys. A175 (1971) 609

(over)
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Tabu 2

The parameters of the angular distributions determined by the least-squares fits with

do/dO = A[\+Bsin20(.l—p.^ti9)]

•»Sr ’°Z

r

MMo

£,(MeV) 21.5 22 20

A *) 1 2.04 6.67

B 0.59 0.69 0.057

P 0.59 0.47 2.3

*) Relative value.
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rep.
F.R. Metzger
Phys. Rev. C 15., 2253 (1977)

METMOO

EL CM. JYM. A

Sr

REP. NO.

88 38

77 Me 5 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANSC

G,G LFT 1 C 2-3 SCD-0 DST

(2-2.31)

(NUCLEAR REACTIONS ”Sr(y,Y). bronsstraiilu.'.® 2.0 € A, S2.C1 MoV; mea-"|

i sured a (96°) and <r(126
3

), deduced r (1 . '.35) . Natural target. J

1=1.836 MeV

TABLE n. Summary of experimental values for the

.vidth of the 1.330-MeV 2* level in
8:>
5r.

Method Ref. 1.836 (meV)

fy.y),
33Rb source 6

Coulomb excitation ^

Coulomb excitation 9

ie.e’) 5

(c/) 8

(e,e') 10

iy,y), bremsstrahlung This
paper

4.3± 1.0

6.7 ±3.0

3.3± 0.5

4.7 ±0.3

3.33 ±0.17

2.76± 0.08

2.94x0.15

form N3S-41I
l«t». 7-I4.44I

USCOMM-NSMC PHOTONUCLEAR OATA SHEET 228
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G. Isoyama, T. Ishimatsu, E. Tanaka, K. Kageyama, N. Kumagai
Nucl. Phys. A342, 124 (1980)

ref. EL EM. SYM. A Z

METHOD

Sr 88 38

RET. NO.

80 Is 1 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

type range TYPE ft AN GE

G ,G LFT 6-8 C 14 SCD-D DST

Abstract: The resonant scattering of bremsstrahlung 7-rays by a SrCO, target has been studied for y-ray BML, SIX SPIN 1 STATES
energies of 5-1 1 MeV. Six '/-transitions of energies between 6-8 MeV, which indicate six resonant

states in
8
*Sr, were observed. The relative intensities of the resonantly scattered y-rays at 125 and

. 150
s were found to be compatible only with the assignment of spin 1 to the six states. Radiative

widths of the resonant stales were deduced. The possibility that these states are components of

the giant Ml resonance in
,aSr is discussed.

NUCLEAR REACTIONS ’*Sr(y, 7), E = 14 MeV bremsstrahlung; measured /
;
(0).

“Sr deduced levels, J. fr Natural targets.

Table 2

Summary of the experimental results

Level energy

(MeV)
R J

f)
(eV)

fi(Ml; 1* - O*)")

(/*£)

r0
‘)

(eV)

6.215 1.45 ±0.29 l 1.81 ± 0.22 0.65 3.0 ±0.4

6.335 1.37 + 0.20 1 2. 83 ±0.29 0.96 4.5 ±0.6

7.091 1.39 + 0.19 1 4. 14 ±0.45 1.00

7.537 1. 18 + 0.42 1 1.31 ±0.27 0.26

7.841 1.50+0.41 1 2.53 ^0.45 0.45

8.047 1.34 + 0.47 1 3.76 ±0.77 0.62

*) Deduced on the assumption of 100 % ground-state decay.

") Deduced on the assumption of positive parttv.

1 Ref. ').

'0*m NSS-41S
IRCV. 7-14.641

USC OMM*N83*OC PHOTONUCLEAR DATA SHEET 229
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r e f - K. Wienhard, C. Biasing, K. Ackermann, K. Bangert, U.E.P.
K. Kobras, W. Naatz, D. Ruck, R.K.M. Schneider, R. Stock
Z. Phys. A302, 185 (1981)

METHOD

Berg, ELEM. SYM. A

Sr

REF. NO.

81 Wi 1

88 38

hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$ G,G NOX 6-8 C UKN SCD-D 90

Abstract. The unknown parities of five
strong dipole states between 6 and 8 MeV
in 3 ®Sr are shown to be negative.

POL INCOMING PHOTONS

Fig. 1

.

Observed asymmetries for five
ground state dipole transitions in 88sr
and for the 2* transition at 6917 keV in
1 6o. The energies for the 38gr states
were taken from /2/. The hatched band
represents the expected asymmetry for
states with positive parity (upper part)
and negative parity (lower part)

tobm N3S-418
(R Ev. 7-1 4-64)
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A. Likar, A. Lindholm, L. Nilsson, I.

B. Palsson
Nucl. Phys. A298, 217 (1978)

METHOD

Bergqvist and ELEM. SYM. A
I

Z

Sr

REF. NO.

39 38

78 Li 2

REACTION result
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

N,G RLX 13- 17 0 7-11 NAI-D DST

Abstract: Gamma-ray spectra from neutron capture in natural samples of strontium and yttrium have

been recorded at various angles with respect to the direction of the incident neutron flux. Angular

yields have been observed at six neutron energies in the range 7 to 1 1 MeV using time-of-flight

techniques to improve the signal-to-background ratio. The y-radialien was detected by a large

Nal(TI) crystal placed in a heavy radiation shield. Certain combinations of Legendre polynomial

coefficients were extracted for transitions to low-lying single-particle states <2d,, 2 and 3s, ,) in the

final nuclei. The energy dependence of the angular distribution coefficients indicates interference

between the electric dipole amplitude and amplitudes of opposite parity. The results are compared

with theoretical calculations based on the direct-semidirect model.

Fig 2 Angular distribution coefficients c/
,
and .V, versusneutronenergyforthereactions

,,
Sr(n.

, 0 ) Sr

(open circles) and ""Yin. y0 + y,)
,nY (crosses). The curves for the V, coefficient represent the results of

theoretical calculations for El transitions to the 2d, 2
state in

8,
Sr from the direct (solid line) and DSD

(dashed line) capture models.

- over
PORM N3S-418
(REV. 7-1 4-64)

USC OMM-N 8S-OC PHOTONUCLEAR DATA SHEET 233
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Fig. 3. Angular distribution coefficients V, ar.J versus neutron energy for y-rays to the 3s,
2
states

from the reactions "Sr(n. y)
,Q
Sr (open circlesi and ”,

Y(n. y)‘
>0Y (crosses). The theoretical result for

DSD model calculations are shown as dashed curve for pure El transitions and as solid curves assuming

El and E2 transitions associated wi.h eullective excitation of the (jDR and the isosclar GQR.
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Y

A=S9

YTTEIffi

Z=39

"The rare earths perplex us in our researches

,

baffle us in our speculations , and haunt us in our
very dreams . They stretch like an unknown sea

before us, mocking, mystifying , and murmuring
strange revelations and possibilities. "(1)

Yttrium was discovered in 1794 by the Scandinavian {

chemist Johan Gadolin (1760-1852) and was named £=gg
after' the small town of Ytterby, Sweden where the
ore was found. It always occurs with the other
rare earth elements and is very similiar to them
in both chemical and metalurgical respects. In

1843 Carl Gustav Mosander (1797-1858) showed that
yttria from which all the ceria, lanthana, and

didymia had been removed contains at least three
other rare earths. These are: a colorless oxide,
for which he kept the name yttria; a yellow earth
erbia, and a rose colored ore, terbia. These were
all seperated by fractional precipitation with
ammonium hydroxide.

(1) Quotation from Sir William Crookes.

Y
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Ref. P.F. Yergin, B.P. Fabricand
Phys. Rev. 10*4, 133^ (1956)

Elem. Sym.

89 39

Method
2k MeV betatron; 250 r Victoreen in 3.75 cm Lucite; neutron detector

Ref. No.

56 Ye 2 EGF

Reaction E or AE
s

C7d E

"23

J*
= 0.87 MeV-b

J ” Notes

Y
89

(y,xn)
Bremss

2k 16.3 3.8 MeV

Fig. 1. Cross section for the (y,n) reaction in Y", calculated

from the yield data, at an intermediate stage of the smoothing
process (see text). The vertical lines through the calculated points

show the rms'uncertainty in the cross-section values, produced
by the statistical uncertainty of the recorded counts of the raw
yield data. Other sources of errors, and the partial smoothing
already done have been ignored in calculating these uncertainties.

The arrows along the abscissa indicate the thresholds for emission

of the particles indicated by the labels therewith. The units of the

ordinate are 10-57 cm7
.

Taule III. Parameters of giant-resonance cross-section curves

for (-/,») reactions in nuclei near 50 neutrons. Nuclides

,iNbM
,
and «I\.h‘u from reference 4, 10Zr- and .oZrJl from reference

5 recomputed in present work. Neutron number is shown in

column 2, location of peak cross-section value in column 5, peak

cross-section value in column 4, haif-height width of curve in

column 5, and area under curve from threshold to 23 Mev in

column 6.

Nuclide ,Y

r.m

(Mev) (mwLbams)
r

(Mev)
f**dE

(Mcv-aamn

jiAs7* 42 17.3 90.3 9.0 0.80

:»Sr*« 4S 15.9 160 5.0 0.92

jsSr*1 49 15.8 146 5.3 1.00

r,Sr7* SO 16.3 201 4.0 1.05

50 16.3 191 3.8 0.87

.oZr*» 50 1S.S 199 4.3 0.93

,oZr»* 51 16.5 200 5.0 1.22

,oZr« 52 16.9 193 5.5 1.24

uNb« 52 17.0 195 6.8 1.46

«Rh“* 58 16.5 205 S.9 1.94

I

form NBS-418
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,.G. Chidley, L. Katz, S. Kowalski
Jan. J. Phys. 36, 407 (1958)

j

ELEM. SYM.

Y 89 39

Betatron
REF. NO.

58 Ch 2 NVB

reaction result excitation
ENEROY

SOURCE oetector
ANCLE

TVP* HANOI TYPE RANGE

G.N RLY THR C THR BF3-I 4PI

See 58 Ka 1 for cross sections;
TABLE I

Measured photoneutron thresholds

THRESHOLD

Reaction
Measured Other 0 values,

Q value, Mev. Mcv. Method Reference

Y«(7. »)Y“ 11. 82±6. 05

11.76 ±0.15 { âItU
11.80 ±0.33 Mass data

Duckworth (unpublished)
Way et aJ. ( 1055)
Wapstra (1055)

S 418
.1 >.4t

^mo.p«4 PHOTON^ CL cA R m Stic wT 238

U.S. O.VArtTM,
4 I lON At. MOM t A , .



METHOD

L. Katz, G.B. Chidley
Nuclear Reactions at Low and Medium Energies (Academy of Science,

USSR: 1958) 371

Betatron; neutron cross section; BF. counters; ion chamber monitor
REP.

Y

NO.

58 Ka 1

89 39

NVB

reaction RESULT excitation
ENERGY

SOURCE OETECTOR
angle

T Y PC PAN OK TYPE RANSC

G,XN ABX 12-22 C 12-22 BF3-1 4pi

TaSjiiina 2

[Jopom ucnycKdHua rfiomOHeumponoe

Hsoroa Bm. Mm |

VtaoTon ;a«. M»t B». Mot

V51 •11.16 20.5 L130 8.81 16.1

Mn» 10.14 19.2 p rui 9,46 17.6

Co89 10.44 18.6 Tb‘s® 8,16 14.8

As75 10.24 18.1 i Ho>«5 8.10 14,6

yso 11.82 20.7 ! TtalM 8.00 14.7

Nb« 8,86 17.1
!

Lu ;75 7.77 14.2

Rh10S 9.46 16,8
j

Ta 181 7,66 13.8

jm 9,14 16,2 • AU 1 ®7 7,96 13.3

C3133 9.11 16,5 m*>®

1

7.43 14.5

THRESHOLDS

h© npHDeitCHSi, nocKOJibKy ohm npoumnaiOT 'Z Mao no bcox c.-ynaflx, Kpovie

aojiOTa, jura KOToporo £3.= 21 Mao. CuoiicTua cc'ieirau 'cvT) cbcaohh.

3 ra6a . 3._ — - - - - - - -

T a 0 a a n a l

Haa-ron
'j s

»f1HC>
Mm •a <a

7).
tfopw T, Mt t«.

Mm • dapH
Y(22),

10* M«<lmpOM/100 p.AtOA*

v« 18,4 , 0.062 . 5.2 . 0.33 1,62

Mn» 20.2 0.060 7.0 0,39 2.01

Co8® 18.3 j.- 0,068 6.3 0.44 2.30
;

As7® 16.4 -V 0.090 9.5 0,74 4.25

Y®# W 1

0,172 5.2 0,93 5.33

Nb»s 18,0 0.156
‘

7.5 1.17 6.80

Rh 1®* 17,5 0.160 9.4 1.40
’

3.28

jm 15,2 0,273 6.S 1,76 11,9

Cs*M 16.5 0.238 7.7 1.59 10.7

Lau® 15.5 0.325 3.3 1.55 11,2

Pr‘« 15,0 0,320

.

4,9 1.93 13.1

Tb189 15,6 0,274 9.3 2,49 18.1

Ho148 13,5 0.305 . 8.9 2.52 18.7

Tm 1®9 • 16,*4 0,250 8.4 1.91 14.9

Lu‘7» • 16,0

'

0,225 8.4 1.90 23,0

Ta787
. 14,5 0,380 8.S 3,15 . 22.0

Au 197 13.8
' ! . 0.475 4.7 3.04 22,6

Bii" 13,2 0.455 5.9 2,89 23.2
a Buxoa iJOTOHeftTpoHOB win Y; 6 —

«C<T) OJIH Y

-ohm NSS-418
!•/. 7.1 «.«*>

* i«i>io.(.'«4

U.S. DEPARTMENT OF CO.V.ME ._E
NATIONAL aunCAUOr JTAmOAh^S
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Ref. E. Silva, J. Goldemberg Elem. Sym. A z

Phys. Rev. 110. 1102 (1958)

Y 89 59

Method
Betatron; photon difference analysis

Ref. No.

58 Si l EH

Reaction E or AE ad E J rr Notes

(7,7’) k-22 10.5
16

Fig. 2. Cross section as a function of energy for formation of the

isomeric state of Y“.

form NBS-418
(8-1-83)
U3COMM-OC 188S8-PS3
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... .•>
. Geller, J. Halpern, and E. G. Muirhead

Pr.y«t Rev. 118 . 1302-12 (i960)
89 39

-:thoo

Betatron; neutron threshold; ion chamber

REF. NO.

60 Ge 3 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RAN GK TYPf PANOC

G,N N0X THR C THR BF3-I 4 PI

THRESHOLD

Table I. Summary and comparison of neutron separation energies inferred from present threshold measurements with values predicted
from mass data and reaction energies. All energies are expressed in the ccntcr-of-mass system in Mev.

UructiiHi No. runs Present results

$11.59 ±0.08

Other results

11.53 ±0.40

11.82 ±0.05

Method

mass data
QOS*)

threshold

Reference

m
n
f

. Henry E. Duckworth. Mori 5^ciro,«w (C.mbrid«e University Pre-. New York. 195S). p. 177.

> L. jTl.idofsky. Rev*. Modern Phva. 29. 773 (1957).

Reaction A/* Observed threshold Mass data Q value Eu-Q Exdted state energy
C;a(r^»)Cr“
Y»(t.»)Y“
In“‘(y,»)In1M

LVa (y,»)Cc“*
Nd'u(y^)Ndl«

Smia(7,n)Smia

Er“'(y,»)Er“«

Hi'n(7,»)HP7*

Hi'Rfr.klHf1"

7/2

7/2
7/2
<7/2>
7/2
7/2
7/2
7/2
9/2
9/2

12.18±0.14
11.59±0.08
9.22±0.03
7.24±0.07
6.38±0.16
6.45±0.16
6.65±0.08
6.69±0.03
6.31 ±0.07
7.85±0.11

1 2.053±0.004b
11.53 ±0.40
9.35 ±0.43*
6.97 ±0.07*
5.97 ±0.19*
5.87 ±0.28*
6.45 ±0.06*
6.28 ±0.06*
6.17 ±0.06*
7.32 ±0.06*

0.13±0.14
0.06±0.41

—0.13±0.43
0.27±0.10
0.41 ±0.25
0J8±0.33
0.20±0.10
0.64±0.07
0.14±0.09
0.53±0.13

0.387d

0.191*

0.690
0.562*

0.081*

0.088*

0.093*

0-375*

* P. Sirominger, J. M. Hollander, and G. T. Seabore Reva MnH«n ph„. ...
'

•C. F. Gicse and J. L. Benson. Phy,. Rev. il^ m (1958)
Phy,‘ J0> 383 < 1938>-

' ‘Imry E. Duckworth. Mass Sptclroscopy (Cambridge Uni'versitv Pm. vr«— v—l. ..." Drrlepov and L. K. Peker. Atomic Eneriy of cSSda LtadtSd IWt TV AErriSf?
1
?
P ‘ l7

J« u a.
• r.V discrepancy in the case of Ce‘« predicts a ground-state aninfaTrluw Jfn-S-T4*?7 (“"PuWlahed).
•W. IL Johnson, Jr., and A. O. Nier. Phys. Revf'lOS. 1014 (1957)*

C °* 0# wncc the ,0m °* Cem i# known to be 7/2.
«\V. II. Johnson. Jr., and V. B. Bhanot, Phys. Rev. 107, 6 (1957).*

N3V418
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iLC. Efciter. K.G. McNeill
Can. J. Phys. i2i 1158 ( 1961 )

METHOD
Betatron; fast neutron yield, angular distribution; Si threshold

detector; ion chamber

i.U Cta. b •

89

RE* NO.

61 Ba £

39

NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPI AAM G K

G.XN ABY THR-22 C 22 THR-I 5-+ DST

j

in-Uhl* k:

l

average cross section ox detector
weighted with neutron spectrum

fi = neutrons/ICC roentgen/mole

w(e) a y [1-5* A V. (cos 6)]
o i n n

n=l

TABLE IV

1

Element
II

fie

III

J\
*<

1i
V

(o4>jX 10**
VI Vtl

laui (22 Mev)X10*

Vanadium 245 <;i±c.os) 0.01=0.38 -0.00±0.10 :>.05 0.21 0.12
Chromium 1G4 <!l±0.G3) 0.0*1±0.04 -0 95=0.05 4.05 0.17 0. 10

Manganese 3081:i±o.o2) 0.07±0 03 -0.09±0.-'.-~ 7 61 0.25 0.12
Iron 2001 1±0.03) C>.f-5±0 04 —0.17=0.05 4.94 0.18 3.11

Cobalt 390(1±0.02) 3.C8±0 03 —: 22=0.04 9. oil 0.26 o.:s
Nickel

.

1451[1±0.05) 0.0" ±0.07 ~0.23±0.G9 0 . 0.12 0.12

Copper
Arsenic

3471 1±0.02) 0.1)5=0.02 •*9.29±0.04 o.jT 0.30 0.12

4821Jl±0.03) 0.il±3.0*l —3.24±f'.05 11.91 0.33- 0.15

Rubidium 6381iliO.Oo) 0.13=0.00 -0.14±9. 08 15.76

Strontium 4091 1±0.05) 0.1C=0 0'i -0.17=0.08 10.10

Yttrium 2901 1±0.10) 0.03=0 i2 -C*. 12 ±0.15 7.16
0.S7Silver 5901 1±0.04) 3 :u±0.C(i -0.22=0.08 14.57 0.07

Cadmiu.n 9051 1 ±0.02) 0.02 ±0.02 -0.20=0.03 22.35
1.42 0 .0sIodine 11331[1 ±0.03) 0.04=0.04 -0.29=0.05 27.99

3arjunj

ieUlvhtttCM

10481
[
1 ±0 . 04

)

0.10±0.06 -0.38=0.03 25.89

15951 1±0.02) 0.02±0.03 -0. -2±0.04 39.40 1.04 0.15

Cerkiru 1310 < 1±0.05) 0.05±0.00 —0.39=0. OS 32.50

&ywmdil7n fC52 ( liO.OS) 0.0<±0. 10 -0.3-;=0.13 40.80

IhaJaiut’i 1558< 1±0.02) 0.04±0.03 — 0.22=0.04 38.48 2.50 0.CG

TlllMitElf
hfcSxY
Lead

1365 < 1 ±0.02) 0.07±0.03 -0.24=0.04 33.71

13451 1±0.02) 0.04±0.03 -0 31 ±0.04 33.22
2.72 C.032274 ( l±0.0lj 0.02±0.02 -0.42 ±0.03 56.17

Bismuth 2162 ( 1±0.02) 0.05±0.03 -0.*:o±0.04 53.40 3.30 0.06

Thorhrm 3031 ( 1±0.04) 0.00±0.05 —0.32±0.07 74.87

Uranium 4030 (!l±0.02) 0.05±0.03 -0.17=0.04 114.36

•()«) - 3.47x 10* •• xHHfeani-nrotron. Efron an atasdard anon due to countin' ltatiitica onl;'.

UA CH?‘UTM£NTOF COirtc-.;:
N ATIOK ~Lm

fom HBS-418
INKV. 7.14.041
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Kef. G.C. Reinhardt, W.D. Whitehead

Nuclear Phys. j>0, 201 (1962)

i.-thoa ^ Mev betatron; synchrotron; Si2^(n, p) Al2^ activity; Cu^3(y, n)Cu^2

Elem. Sym.

89 39

monitor.

Ref. No.

62 Re 1 EGF

Reaction E or AE
s

<7d E J * Notes

Y
89

(Y,n)
Bremss.

53

Figure 11: Dotted curve is of form
2 2

a
Q + a^cosS + a^cos 9 + a^cos 9 -

2
a. cos 9

;
solid curve is of form a +

i o

2
a^cos9 + a^cos 9; errors on points

are statistical errors in counting
only.

Table 2

Parameters of the fit (1) for the expressions cos Q+ at cos
:
0, a-rb sin'-6— c cos Q and

-4<i-rA x
P

x +A tPt

Bi(l) Bi(2) Pr Au Y Ho La

*0 1.00±0.02 1.00±0.02 1.00±0.02 1.00±0.02 1.00= 0.03 1.00±0.02 l.OO-i-O.Ol

“l 0.15= 0.03 0.1S±0.04 0.17 ±0.04 0.14±0.03 0.17±0.06 0.12±0.03 0.14= 0.03
—a. 0.47 ±0.06 0.40±0.08 0.41 ±0.09 0.21±0.07 0.15±0.1l 0.34±0.06 0.39-0.06
-V) 0.18±0.04 0.21 ±0.05 0.20±0.05 0.15±0.04 0.18±0.0Ui 0.14=0.04 0. 10±0.03

-'!>•) 0.37±0.05 0.31 ±0.06 0.32±0.07 0.15±0.05 0.11±0.03 . 0.26±0.05 0.30±0.04
a 0.53= 0.06 0.60= 0.08 0.59±0.09 0.79±0.07 0.85±0.11 0.66±0.06 0.61 —0.06
b 0.47 ±0.06 0.40±0.08 0.41 ±0.09 0.21±0.07 0.15= 0.11 0.34= 0.06 0.30— 0.06
c 0.15±0.03 0.18±0.04 0.17±0.04 0.14±0.03 0.17±0.06 0.12 = 0.03 0.14±0.03

*) Renormalized so that A„ = l

Table 4

Parameters of the fit (3) for the expressions a„-r a
t
cos 0±a 2 COS — J, cosAO,

1 -AtP,-.A t Pz~A z P,

Bi(l) Bid) Pr Au Y Ho La

t.01 =0.02 l.OO±0.02 l.U ;-0.U3 0.98= 0.02 1.00=0.03 1.00±0.02 1.01=u.U2

0.19= 0.05 0.17 = 0.07 0.21=0.07 0.07= 0.06 0. 1 ti— O.ui) 0.12 = 0.05 0.17= 0.05

0.56= 0.11 0.37 ±0. 15 0.50±0.16 0.05 ±0.12 0.13= 0.20 0.33=0.12 0.47=0.11

— 0.17 ±0.18 0.05±0.24 — 0.17 = 0.25 0.31±0.19 0.05=0.32 0.03= 0.19 - 0.17= 0.17

••II
1

!
i 0.11 = 0.15 0.23= 0.18 0.13±0.20 0.27±0.13 0.20±0.22, 0.15= 0.14 0.09= 0.13

—i.r1 0.45 ±0.09 0.2S±0.11 0.39±0.12 0.03±0.03 0.09±0.14 0.24 = 0.09 0.37= 0.09

\
—0.03= 0.09 0.02 ±0.11 — 0.08±0. 12 0.13±0.08 0.02±0.13' 0.01=0.08 - 0.03= o.0S

*) Renormalized so that = 1
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Ref. K.N. Geller
Nuclear Phys. kO, 177 (1963)

Elem. Sym.

89

1eV. No.
'

63 Ge 1

59

Method

Betatron; neutron yield; 4-tt neutron
JHH

Reaction £ or AE (7d E J
" Notes

Y
89

(T,n) Bremss.

kll—12

E,_. \., to ground state of Y
WVJ

=
‘(T,n)th

f
88

11. 5^±0.0^ MeV

Table 1

Summary of experimental threshold observation for Y"(y, n)

Threshold observed
Threshold energy

(MeV)

Ground state 11.55 -‘-0.10

Excited state 1 1.947-^0.039

Ground state (computed)* 1 1.554= 0.039
Ground state, corrected for

extrapolation error 0 I1.539±0.039

a) Ground state threshold obtained by combining energy of excited state (393 keV) with observed
excited state threshold.

b) An extrapolation error of 15 keV exists in the (y, n) threshold determination when the energy
calibration is based on a resonance observation (see text).

form NBS-418
IS-l-93)
USCOMM-OC 18SS«-P«3
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T. kaminishi, C. Kojima
Jap. J. Appl. Phys. 2 , 399 (1963)

METHOD
Linac; isomer yield; activity

REF. NO.

63 Ka 2

69 39

NVB

RESULT EXCITATION SOURCE OETECTOR
REACTION ENERGY TVPC *ANQK TV PC RAN4E

ANGLE

G,G/ RLY 1 C5 ACT-

1

l+PI

(0.92)

—
Table II. The isomers observed

Isomer
Observed value Referenced value111131

Half-life Energy (MeV) Half-life Energy CMeV)

Se-77m 17.5 sec 0.160 17.5 sec 0.161

Br-79m 4.80 sec 0.209 4.8 sec 0.208

Sr-87m 2.3 hr 0.390 2.8 hr 0.388

Y-39m 15.0 sec 0.920 14 sec 0.915

Rh-103m 58 min * 57 min 0.040

Ag-107m 1 44 sec 0.094

Ag-109m
1 42 sec

f
0.95

40 sec 0.088

Cd-lUm 47 min 0.150,0.255 49 min 0.150,0.247

In-115m 4.5 hr 0.335 4.5 hr 0.335

Sn-117m 17 day 0.160 14 day 0.159,0.161

Ba-137m 2.6 min 0.660 2.6 min 0.662

Er-167m 2*10 sec 0.209 . 2.5 sec 0.208

Hf-179m 18.5 sec 0.157,0.215 19 sec 0.161,0.217

W-183m 5.4 sec 0.200,0.170,0.115 5.5 sec 0.1025,0.2915 other

Ir-191m 4.90 sac 0.129, <0.07 4.9 sec 0.042-0.129

Pt-195m 4.5 day 0.065** 4.1 day 0.031-0.130

Au-197m 7.0 sec 0.10,0.27,0.40 7.2 sec 0.130,0.270,0.407

Hg-199m 43 min 0.160,0.370 42 mio 0.158,0.368

* This isomer was measured with a G-M :low counter.

** This value corresponds to Pt-K X-ray energy.

Table III. Induced activation rate

Elemen
Beam
energy
(MeV)

Counting rate

( x 10000 cpm) Sample form

Se 5 1300 metallic pellet

Br 4 1600 NaBr grain
Sr 6 0.3 SrCOj powder
Y 5 90 metallic grain
Rh 5 (0.21* RhCIj grain
Ag 5 180 metallic plate

Cd 6 0.5 CdCIi grain
[n 6 8 metal'.:,- -flatc

Sn S 0.0005 metallic plate

Ba 5 0.6 BaS powder
Er 4

1

4900 Er-Oj powder
Hf 5 1600 metallic plate
W 5 120 metallic powder
Ir 5 2100 metallic powder
Pt 5 0.3 metallic plate

Au 4 4300 metallic plate

Hg 6 0.09 metallic liquid u.s. oepartmentof cov' 1 ;?::
NATIONAL. OURCAUOF IT*' - i .1 - j

* The value measured with a G-M flow counter PHOTONUCLEAR DATA SHEET 245



REF.

A. Veres
Acta Phys. Acad. Sci.Hung. _l6, 26L-73

METHOD

Radioactive source

£L£M. SYM. A

(1963) Y

REF. NO.

63 Ve 2

89 39

NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,G/ ABX 0-1 D 0-1 NAI-D

IS0MERS

TafiJiHua II

H3MepeHHbie 3H3MeHHH nocJie ooiiyMeHits. cpaBHHBaeMbie c apyrnMH JiirrepaTypHbiivni

AaHHblMII

3/ieMeHT

AKTHBHOCTb
O&nyMCHMR

nocne

Aktmbh.
DKCTpn.

B
KOHUe

JlyTepaTypHue
oaHHue

AlHNUt
HSMCpCHHfl

am rym
<10—»•)nepBoro

K3MCpCH HR
(hmfi/mhh.)

oo.iyM.

(hmn/
MMH.)

T,i.
E

(K3A) T,l.
£

(»•)

(10—CM*)

Se-77m 3842±96 5400 17,5 cex. 160 18,1 ±1 cex. 160±10 9,5 1,75

Sr-87m 191 ±5 200 2,8 r. 390 2,9 ±0,1 m. 365±25 0,85 0,2

y-89m 96±20 170 16 cex. 910 16,7±5 cex. 0,08 0,02

Rh-l03m 28±5 31 57 MMH. 40 58±2mmh. 20,5±0,5 0,08 0,01

Ag-107m 220±14 250 44ceK. 93 43,8±0,6 cex 91 ±10 0,8 0,2

Ag-109m 39 ceK. 88 •

Hf-179m 80± 18 155 19 cex. 160;

215
19±2 cex. 1 0,2

Ir-191m 90±20 250 4,9 cex. 42;
130

5±2cex. 5,6 1

Pt-195m 90±9 100 3,5 A* 31;

100;

130;

3,5±0,2a.
32±3

67,5±5
96±5
130±10

0,2 0,04

Au-197m 240± 16 520 7,2 cex. 130;

277;
407

7,2±1 cex. 68:130:

280±20
390—20

0,07 0,01

Hg-199m 9,6±3,2 42 MMH. 160;

370
0,005 0,001

Act* Phya. Hunf. Tmm. XVI. Ff. 2.

form NBS-418
(R EV. 7-14-64)
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S. C. EUltz, R. L. Bramblett, B. L. Berman,
and M. A. Kelly

Proc. Gatlinburg Conference 397 (1966)

METHOD

J. T. Caldwell,
ELEM. SYM. A z

Y

REF. NO.

39 39

66 Fu 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABI THR-28 D THR-28 BF3-I 4PI

G,2N ABI THR-28 D THR-28 BF3-I ZPI

TABLE 1

Integrated Cross Sections (or Zirconium and Yttrium

Isotope

Ehmc

a . fu,

m

dE
(MeV - barns)

b = /cr^dE
(MeV - barns) ta/a

E.u
(MeV)

,#Zr 0.980 0.108 0.110 28

**Zr 1.078 0.202 0.187 30
MZr 1.098 0.447 0.408 23
MZr 1.041 0.577 0.554 30
**Y 0.991 0.09S 0.096 28

form NBS-418
(REV. 7-14-64)
USCOMM-OC 26010-P64
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Ci-CM. j YM.

39 39

ref. no.

66 Wa 1 JDM

W. B. Walters and J. P. HurameL

Phys, Rev. 150 . 867 (1966)

METHOD

Betatron

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G
t
2N RLY THR- 280 C 150.280 ACT-

I

4P1

Measured isomeric yield ratios.

Table IV. Summary of the results for the photoproduction of

the Y,T isomers (spins J and }).

Target isotope

and spin

Bremsstrahlung
energy (MeV)

Fraction of yield to

high-spin isomer

w3> 150 0.42±0.03
2S0 0.42=0.03

Nb» (/-J) 150 0.71=0.13
280 0.69±0.13

FORM NBS-418
(REV. 7-14-841
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REF
' B.L. Berman, J.T. Caldwell, R. R. Harvey, M. A.

and S.C. Fultz

Phya. Rev. 162, 1098 (1967)

METHOD

Kelly, R. L. Bramblett:
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ELEM. SYM.
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REF. NO.

39

67 Be 2 hmg

EXCITATION SOURCE DETECTOR
REACTION RESULT ENERGY TYPE range TYPE RANGE

ANGLE

G.N 1 ABX THR-28 D THR-28 BF3-I 4PI

G,2N At ABX THR-28 D THR-28 BF3-I 4 PI

Table IV. Integrated cross sections.

*ta«C(>.")+(7,£»)] E -,mu 9\r,,ly,2n) (\r)vmr 0.06NZ/A f
-*•

Nucleus (MeV-h)* (McV-l>)« (McV) ei.riy, 10^)* (McV-b)

Y“ 0.94 0.10 28 0.10 1.14 1-31

Zr" 0.96 0.10 28 009 1.16 1-33

Zr“ 0 .8S 0.20 30 0.19 1.22 1-35

Zr« 0.65 0.45 28 0.41 1.23 1.36

Zr" 0.43 0.58 30 0.56* 1-32 1-38

• All measured intecrated cross-section values are given for an energy region from threshold to Eymmn. For the XrM and Arn case*, it was necessary to

extrapolate the low-energy part of the total photoneutron cross section down to threshold: the error introduced in this process, however. Is less than 0.5%.

*The word ‘'total" in this table refers to the total photoneutron cross section #(C7.*) +(7.**) +(y.2») and excludes the (7,7) and (7.p)

cross sections.
• This value include* the contribution of which equal* 0.03 MeV*b from threahold to 30 MeV.

form NBS-41S
(REV. 7.14.841
U3COMM.OC 28010-08 4

Fig. 8 (a) Total photoneutron cross section »C (,y,<*)+ (y,np>

+ (t.2»)J for Y“. The solid curve is a Lorcntz-line fit to the pant-
resonance data (14 to 19 MeV). The thresholds (arrows), except

when otherwise noted, are from Ref. 10. In this case, the (y,2it)

threshold is taken from the data. Ch; .Single photopeutron cross

section for V’*. The dashed line represents the

maximum possible systematic error owing to the uncertainty in

the normalization constant for the bremsstrahlung subtraction

isce text). (C) The (y,2n) cross section for Y*. The threshold

determination of 20.8±0.1 MeV determines the mass of Y"
(see text). The threshold value is taken from the data. The cross-

section scale has been doubled for clarity.
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METHOD

khvastunov

,

EL EM. SYM.

REF. NO.

39

67 Sh 1 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 2-3 d" 225 MAG-D DST

(2.2)

G- WIDTH. J-PI

Table II

Absolute differential cross section for inelastic scattering of electrons with
energy 225 — 1 MeV by Y" with excitation of levels at 2.5 ± 0.2 MeV

«.

deg

Cross section.

cmVsr
e.

deg
Cross section,

cm*/sr

9.

deg
Cross section,

enr'/sr

35 (3.15±0.33)-10-** 50 (2.44±0.09).10-» 80 (3.34±0.2l)-10-»
35 (3.77±0.28)-10-» 50 (2.28±0.23)-10'» 82 (3.40±0.23)-10-**
40 (1.26±0.06)-10-*»

|
52 (2.45±0.14)-10-*» 84 (2. 97±0.22) -10'**

44 (7.72±0.31)-10-»
|

55 (9.13±0.28)-10-»» 86 (2.42±0.18)-10'»*
46 (5.05±0.18)-10-» 60 (4.48±0.55)-10-« 88 (1.94 +0.15)- 10'**
48 (4.74±0.18)-10‘»

|
65 (2.12±0.19)-10'« 90 (1.68±0.15j-10-**

48 (2.59±0.12)-10-» 78 (4. 32 ±0.32)- 10'** 95 (t.46±0.18).10-»*

Fig. 4. Squared form factor as a function of momentum transfer

for the 2.5 — 0.2 MeV inelastic peak of Y"’. The curves are calcu-

lated in the Born approximation for different values of transition

multipolarity X.
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H. Taneichi and K. Shoda
J. Phys. Soc. Japan 22, 664 (1967)

ELEM. SYM.

39 39

METHOD REF. NO.

67 Ta 2 egf

reaction RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XP SPC THR-24 C 17.24 EMU-D 2-16 4PI

Fig. 1. Energy distributions of photoprotons.
Plots and curves A and B—The observed results

.for 24.0 and 17.5 MeV of the bremsstrahlung
maximum energy respectively. Curve a and b—
The corresponding spectra of the bremsstrahlung.
Curve D and d—The difference between A and B
and between a and b.' :

f7.46 is the threshold energy of Y"(r, p) in
MeV.
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REF - W. J. Alston III, H. H. Wilson and E. C.

Nucl. Phys. A1 lb . 281 (1968)

METHOD

Booth ELEM. STM. A z

Y 39

REF. NO.

39

63 A1 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.G LFT 0-2 C 4 SCD-D 0-1 130

(1.51)

Angle greater than 90° for all measurements. SELF- ABSORPTION

Table 1

Direct and absorption measurements of resonance fluorescence

Nucleus Er
(MeV)

J, rjr gwr^rjr
(mcV)

Error

(%)

This work T,
(meV)

Other work

A
“Mn 0.000

1.527 (}-) 0.9 5.2 25 8-12

abs •) 40 8.0

1.884 7 0.82 ») 41 25 50/ <7W
abs ») 10 55tg

2.197 7 (0 .8 ) «) 17 25 2\lgW
abs 20 17lg

2.252 7 (0.9) «) 17 25 19/gW
abs 20 13 lg

2.365 7 7 3.5 36 (2-6>r/r.
2.564

( 1 .0 ) 50 25 501gW
abs ») 20 61 lg

“Co
2.751 7

•>

6.7 42 6.i(nrt)ig\v
0.000 j-

1.187 (}-> ( 1 .0) 6.8 25 7.5 0.33(E2) <*>

abs 25 ») 12

«-> ( 1 .0 ) 6.8 25 • (S.4-6.5) 0.27(E2)
abs 25 a) 9.6

•»Cu 0.000 .n—
i

1.414 A—
x

0
1.6 30 (i.i-i.7)r/r0

«Ga
1.551 *- 7

1.7 37 (1.7-2.5)/’//’, 0.1 (E2) •)

0.000 n—
X

0.872 a-) 0.95 1.1 35 0 .8 /W
1.107 <n 0.95 8.0 20 8.4/ IV

’•As 0.000 f-
0.86 7

•>

1.7 20 \.i rig y/ra
1.07 7

•>

2.6 30 z.6 rigwrQ

•*Y

1.35 7 7
3.6 20 3.6 rig wr.

0.000 k-

1.51 * -
(1.0) 52 ») 30 28 0.37(E2)')

abs ») 15 22

») Measured with NaL
") Ref. “).

') Measured with a Ge(Li) detector to ±10%.
") Ref. »*). «) Ref. “). ') Ref. «).

1 3
D.G. Alkhazov, K.I. Erokhina and I.K. Lemberg, Izv.Akad.Nauk.SSSR(ser.fiz.)

14
28 (1964) 1667.

3
B.G. Harvey, J.R. Meriwether and A.Sussiere, Nucl. Phys. 22 (1965) 505.2 G.A. Peterson and J. Alster, Phys. Rev. _l66 ( 1968) 136.

4 N. Nath, M.A. Rothman, D.M. Van Patter and C.E. Mandeville, Nucl. Phys. J2
(1959) 74.
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G. A. Peterson and J. Alster
Phys. Rev. 166 . 1136 (1968)

METHOO

EL EM. SYM.

39 39

REE. NO.

68 Pe l HMG

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

‘ E.E/ RLX 1-3 D 65.70 MAG-D 60-70 DST

|

Tabu L Experimentally determined value* of the reduced
nuclear radiative transition probabilities B(EL) for the excita-
tion of a nucleus to a level at energy £* above its ground state
by a transition of electric character and multipolarity L, in
units of «*F“ where 1 F— 10-1* cm. The last column gives
B(EL) in single-particle Weiaakopf units according to Eq. (4).

£• L
B(E0—L)

(«*F**)

C,

(W.u.)

1.84 2

Sr*

990±50 8.5
2.74 ' 3 80600db3000 25.0
4.0 2 190±40 1.6
6.5 (2) 130±30 1.1

(3) 13000±3000 4.0

1J0 2

Y*
120±50 1.0

1.73 2 140±40 U
2M 3 33 700±3000 10.2
2.52 • 3 37 800±30CO 11.4
2M 3 32300±3000 M

==
|

SEP ISOTPS

Fio. 6. Distorted-wave inelastic cross section in units of the
Mott anas section versus momentum transferred to the Y*
nucleus for electric octupole (solid lines) excitations at 2 .21 , 2 .52 ,

tnd 2.86 MeV. An incompressible and irrotadonai hydrodynamicai
model was assumed. For comparison, curves are shown for electric
quadrupoie excitations.

|
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S. M. Shafroth and G. J. F. Legge
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Nucl. Phvs. A107. 181 (1968)
Y 89 39

MeTHOO REF. NO.

[Page 1 of 2]
68 Sh 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPt RANGE TYPE RANGE

i P,G ABX 13-15 D 5-9 NAI-D 0-15 hst

~ 0.3

Sr(P.P0 )

70<Jv' fW“'“'

— 3.0

I

i

123*

.
» Sr a* ?.Pj)S-**(2»>

°

- ['ilAd-
'

1

1

j

«
1

1

J Os
Sr

di
;p,p,)Sf

4i
*i2i

i

ij*90*
-

:\J» ,

F ^ ,

1 A i

iV

FORM NBS-41S
(RCV. 7.1 4. <41
UtC OMM.OC 26010*

P

<4

Fig. 3. txcitation carves :or sever-: -a.. ...anneis taken simu.:_neousiy. Upper two carves clastic

proton scattering trom Sr at 90' ar._ .13'. Inset at tar rig.it excitation curve for the reaction ”Sr
(P> Pa) it 90°. Curve labeled p. c\c.;-'..c.-. c_rve for the asSr(p, p.) reaction at 90°. Note the striking
resonance at 7.92 MeV. Curves !_c y. exc.:_tion carve for the saSr(p, p t) reaction at 90°. 3ottom
curve excitation curve for the “Seta,

;
re— i.on at 123°. Underlying box upper set of levels: reso-

nance energies (lab) in aaSr—p r—ct.w.t. . ..c energy scale was set to agree with that of ref.
li

). Lower
set or

;
;evels trom ref. :

) arbitrarily a:— 7.0 MeV and with energy interval stretched by 39/3S :

,

P *PL^7,T_^F,S?!2E?
to convert to equivalent lab energy. s.'.own with naif the usual length are non-stripping

levels. 254
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METHOD

[Page 2 of 2]

REF. NO.

68 Sh 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

T Y PC RANGE TYPE RANGE

Table 1

Radiative widths of analogue resonances in “Y (present work)

Resonance energy Single-panicle

£p Iab component of Jn <zr+i)T,rjr
(MeV) resonance (sV)

6.10 s* -V** 14—5
7.00 »)

7.07 »)

(<U)

d
i

m
\

^ b
)l

(13= 5) 4)

7.51 dl * •) 17= o

») Ref. *).

») Ref. 7
).

c
) Present work.

d
) Unresolved (assuming a single level).

I

.. —
Table la

Partial widths of analogue resonar* :cs in “*Y

-

Parent Sp lab r r r c\1
VO 1 s.p. J

level in “Sr resonance b <27;-t:,v=V G«v) (keV) (eV) (keV) (2r
0 -ri)r70/r

. 1.031 6.10 S* 0.96 ») 70 *) 46 a
) 11=4 1.66 0.08

1.931 7.00 d
(T)

0.30 ») 50 *) 11 *)

2.000 7.07 di 0.60 l
) 50 ") 23 ») 7= 3 3.32 0.03

2.455 7.51 d* 0.3 b
) 60 b

) Lo -) 14=5 3.S6 0.05

») Ref.*). b
) Ref. 1*) .

c
) Calculated Using i.-.w!!-rnouel wave functions. See text.

|

.

iable 2

Gamma-ray angular distribution results

iab £
p

(MeV) b l'/(5)

6.10 1— v5..1 =0.1 )£Rcos- 6 >

7.51 d.;. 1 — tO.53 =0. 1 2)£i(cos- 0)

/
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Contributions Montreal Conference 352 (1969)

ELEM. SYM.

METHOD

89

REF. NO.

69 Be 4

39

egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLETYPE RANGE TYPE RANGE

G,N ,tfg ABX 11-25 D 11-26 MOD-

I

4PI

G,2N 151 ABX 21-27 D 19-28 MOD-

1

4PI

RECHERCHEd'ETATS QUASI- LIES ANALOGUES 2p-2h dans la RESONANCE GEANTE de Y 89

R. BERGERE. P. CARLOS. A. VEYSSIERE, H. BEIL - CEN/Saclay - FRANCE -(91)

Nous avons etudie avec des ^ monochromatlques lea reactions Y (»»et Y Lea reaul-

tats®^„ et a fortiori^ « r^montrent sans amblgultd le dedoublement de la resonance geante

deja signald par EU-Berman dans cette meme region de masse (Phys.Rev. 169, 1967,1098). On

peut reprdsenter entre 13 Mev et 22 Mev la section efficace photoneutronique totale par une

aomme de deux raiea de Lorentz ayant respectivement les parametres : Ej = 16,57 Mev ;

Tj = 4, 25 Mev ;
= 215 m barns ; 20,87 Mev ;

= 2,87 Mev ;
<Tj = 45 mbarna. Les sections effl-

caces lntegrdes sous chacune de ces deux rales aont respectivement = 1,435 Mev barns

et 0 , 2 03 Mev barns et sont done dans le rapport = 0, 14. Un essa'i de determination de la

section efficace nucllalre totale Oy. a fait P* r une mesure de transmission de f mono-

chromatlques 4 travers Y®9. Les incertitudes sur les donndes actuelles de l'absorption elec-

tronlque des t (rapport UCRL 50 400 et NBS 583) permettent simplement de conclure que de 1 6

i 21 Mev on a G%f, SI 5 + 30 mbarns.

Ce dedoublement est i rapprocherde la prediction de S. Fallieros sur le dedoublement iso-

barique des £tats dlpolaires (Phys. Lett. 19, 1965, 398) caracterise par if j-t)St»5 Mev pour Y 89

(U=6nergle de symdtrle et T =LL) en bon accord avec notre valeur experimentale 4,3 Mev .

Fallieros prdvolt un rapport des lntensitds dlpolaires des transitions Cette va-

leur n'est pas incompatible avec nos mesures si on suppose que <7^~0,25<' r,m(ry ). Goulard et

al (Can. Journ. Phys. 45. 1967, 3221 et 46, 1968. 2771 - Phys. Rev. 176, 1968. 1345) tenant

compte de tous les dtats lp-lh concluent l un dedoublement dr trop faible et a un rapport d'ln-

tensitd iaO, 11 ce qul est lnaufflsant meme en ne tenant compte que de la valeur II est

probable que la consideration du couplage d'dtats du contlnu aux etats quasi- lies 2p-2h permet-

tralt de mleux prdciser les caractdrlstlques de ce dedoublement (V, Glllet et al - Nucl. Phys.

A97, 1967, 631). Notons enfln que notre valeur experimental <^.„(r,) plus grande que 9"yj.

pourrait provenlr, comme lndlqud par Gellle (Auat. J. Phys. 1968, 765) d'une ddsexcitatlon de

v 89K) par emission d'un neutron vers les etatsl^.ede Y 88 des que cette vole est ouverte.

M«v 256/8 'ft

U.S. OEPARTMENTOF COMMERCE
NATIONAL BUREAU OF STANDARDS



P. Richard, F. Gabbard, A. C. Porter and F. F. Hopkins
Phys. Letters 22B, 646 (1969)

£LEM. SYM. A

89

METHOD REF. NO.

69 Ri l egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ASX 12 D 5 SCD_D 9- 12 90

( 4 . 97- 5.15 )

5=4.97-5. 15 MEV

Fig. 2. The excitation functions for the indicated reac-
tions in a proton energy range covering the di ground-

state isobaric analogue resonance.
1

Table 1

Results for the ®®Sr(p. )89y reaction.

^0 y2 "'3

% O0°)(Mb/sr)
off resonance

a** on resonance

r«P (eV)

8.7

8.7.

6

25

7:2

4

12

4x3

r«p (eV) - 1840 27

-TII
(eV) - 40 <>.!;

<V°y _ 360 560
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*ETHOO

[Page 1 of 2]

REF. NO.

69 Sh 4 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

ABX 7-24 C 17-24 EMU-D 2-16 DST

(17.5)

Table II. Anisotropic factor BIA and asymmetry factor p of angular distributions determined by least-

square fits with /4+ B(l+pcos0)sin*0.

**Y

E^MeV)
(E-™,= 17.5 MeV) (Emu* 19.0 MeV) (Emu =24.0 MeV)

j- B(A
!

p BIA P BIA P

3.5- 5.1 i
0.3±0.2

|
0.6=0.

7

1.1±0.4 0.3±0.3
|

0.5±0.2 Y)©IIo1

5.1- 7.2
j

1.1 ±0.4
j

0.0±0.3 2.2±0.4 0.1±0.1 0.9+0.3 0.2=0.

2

7.2 10.0 00*1 0.2±0.2 3.2±2.0 —0.2±0.2
j

1.6=0.6 ' 0.0=0.

2

10. Gx 1

1 I 1

4.52:3.0 1 —0.2=0.

2

a) The notation oo indicates that the distribution is almost (1 +p cos 8) sin* 9. It is used when the result
has stronger maximum than that of l+lO(l+/7 Cos 0)sin* 0 .

Fig. 1. Energy distributions of photoprotons from

«Y irradiated with the bremsstrahlung at maxi-

mum energies of 24.0, 19.0 and 17.5 MeV.

» ioegrees

Fi ’. 3. Examples of angular distributions of photo-

protons from WY and Zr.
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REF. NO.

69 Sh 4 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR

Fig. 4. Energy dependence of the anisotropic factor

BIA of the angular distributions for photoprotons

from **Y. A sign -*•- indicates that 3/

A

is too

large to piot the figure.

10 15 20
Er (MeV)

25

ANGLE

Fig. 6. The energy distribution and the anisotropic

factor BIA for photoprotons from **Y obtained by

subtraction of 3'V.a.y from om.v. The
broken curves show transition groups to the se-

lected residual states.

Fig. 10. Cross sections for strong photoproton

transitions on **Y. The neutron emission cross

section**' and the result of the MSr(/>, ;•„)»*Y reac-

tion*> are also shown.

5 i /

.idl

cJi "Yt^l-Sr

Ifaoml Ifr

•;— - -l~

;k A '.

50MeV

A
32 MeV

-kt, Ground

14

12

souwr /rrsuwi|Q

9

6

<n

2

0

-2

-4

-6

5 10
E» (MeVI

15.

15-

/j!

l4;

/•

Jir;

f

i
l

I

1 1
>

Uy-.
V VC:

-300

-200 x

MOO b

Fig. 7. The energy distribution and the anisotropic — -

factor B/A for photoprotons from **Y obtained by
subtraction of from See also PHOTONUCLEAR DATA SHEET 259
the caption for Fig. 4.

•0
1 5 20

Er (MeV)

Fig. 9 The p) cross sections of ”Y and Zr in the

photon energy region lower than 20 MeV. The
(;•• Pi) cross sections deduced from the inverse

reaction cross sections arc shown bv solid lines
•

indicated by ,i„. Theoretical ^Zrf^. /i„)”Y cross

section 1 ’' is shown bv broken line.
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REF. NO.

A
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69 Sh 6 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLETYPE RANGE TYPE range

E,P SPC 10-26 D 20 MAG-D UKN

UKN= UNKNOWN

JM. Sr

\ Ee = 30 MeV
' .•

V»

0 2 4 6 3 10 12 14

Jf</>.

t
T \*v,

A.v,

Ee - 20 MeV

M.
V>u

0 2 4 S 9 10 12 14

2r

Ee= 20 MeV

-w^

0 2 4 6 3 10 12 14

N
‘

i

/>’*> w
,
/,r

‘*V* Mo
'*.•

. Ee=20 MeV

0 2 4 6 8 10 12 14

E 0 (MeV)

Fig. i. Energy distributions of photoprotons.
Vertical broken lines and solid lines
indicate the position of p Q corres-
ponding to the ground IAS and electric
dipole IAS ( 2 -

)

respectively.
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methoo
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70 Ar 1 egf

excitation SOURCE detector
REACTION RESULT ENERGY TYPE range TYPE RANGE

ANGLE

G,G ABX 12-30 C 32 NAI 12-30 DST

•

GETS G.G/ TO 2+

Fis. 9. Differential total scattering cross section at 150* for ,#Y. The dashed curves awrhescattering
cross section calculated with one Lorentz lire at — 16.4 MeV and with two Lorentz lines at

- 16.4 MeV and £, - 21.5 MeV.

Kg- 10. Differential total scattering cross section at 150* for *»Y and theoretical scattering crosssectioa
(dashed curve) given by the D.C.M. calculations. See caption for fig. 4. Here is given by table 3.

Fig. 4. Differential total scattering cross section at 150° for natural Ti. The full curve through ex-

perimental points is only a guide for the eyes. The vertical bars represent the relative strength of
dipole levels culcul-tcd by the D.C.M. with parameters of table 1. Theoretical elastic plus inelastic

scattering is com p -ten from these levels with a common width/1

(dashed curve). Experimental inelastic

scattering (.hologram; and theoretical inelastic scattering to the first 2 * (full curve) are shown in the

lower part c: the figure. Open circles give the cross section after background subtraction.
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Table 4

Integrated inelastic scattering cross section

Nucleus Limits of

integration

(in MeV)

Experimental *)

] o,(£)d£ (MeV • ,ub) 2-
Theoretical *)

*> t'

(MeV • jub)

Total

Ti(**Ti) 16 -24 230= 30 425 109 534
s,V(52Cr) 16.4-24.9 492= 50 509 116 579

Cr 16.4-23.4 431= 60 509 116 579
7sAs(74Se) 14.1-23.6 1254 = 120 1373 414 1787

Se(*°Sc) 14.1-24.6 1035= 100 1066 353 1419

•*Y 364

Cd( tI2Cd) 13.6-23.3 3264=240 1894 370 2264

In(“*Cd) 13.6-23.6 2840=220 2173 388 2561

Sn(,l0Sn) 14.2-24.2 2363=220 643

*) We assume an angular distribution of the form 1 — --L- cos2 0 .
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5. S. Ishkhanov, I. M. Kapitonov, E. V. Lazutin, I. M.

and 0. P. Shevchenko

Izv. Akad. Nauk Fiz. 34, 2232 (1970)

Bull. Acad. Sci. USSR Phys. 34, 1991 (1970)

METHOD

Piskarev,
ELEM. SYM. A z

Y

|

REF.

89 39

NO.

70 Is 8 hmg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, XN ABX 11- 29 C 11- 29 BF3-I 4PI

Reaction
Poai tioa
of peak
U.V

Croaa
se eti ob
at pa ak

b

*i dtb
of p e ak

Me V

la tegral
e ron

section
mb*M«

V

late*
nr at ies
licit
M e V

Ba fe ren ce

o (T» Tn) 16,0 270 3.7 1,57 29 Tke praseat work
i (t, Tn) 16,6 184 3,7 1.14 28 Bef. S

®a 16,0 270 3.7 1,36 29 Tke preaaat *ork

®a 16.6 184 3.7 1,04 28 Baf. S

5. B.L.Berman, J. T.Caldwell , R.R. Harvey, M.A. Kelly, R.L.Brar.blett St S.C. Fultz,
Phys. Rev. 162, 1098 (1967).

303 -

203 -

100 -

Fig.l

1 1

IS 20 25 f^.M e V

. Cress section for the 89y(7,Tn) reaction.
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W. B. Walters, J. R. Van Hise, W. L. Switzer, J. P.

Nucl . Phys. A157 . 73 (1970)

MFTHOO

Hummel
j

ELEM. SVM.

I

Y

REE. NO.

A z

89 39

|

70 Wa 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.2N RLY THR-305 C 150-305 ACT-

1

4PI

G ,PN RLY THR- 305 C 150-305 ACT- I 4PI

Tabu 1

Summary or measured yield ratios

Target Bremsstrahlung energy

(MeV)

Measured yield ratio

natural Or ISO
4,Cr/‘*V = 0.043 ±0.002

230 0.047 ±0.009

305 0.042±0.002

enriched ,2Cr 250 0.025 ±0.005

natural Fe 250 ”Fe/”Mn - 0.037 ±0.003

enriched **Fo 250 0.024 ±0.005
51,Mn/(5l'Mn+ iJ,Mn) = 0.47 ±0.02

natural Y 150 *’Y/*T"Sr =» 12.9 ±1.6

natural Mo 150 *°Mo/*°Nb - 0.41 ±0.05

280 0.49 ±0.05

Tabu 2

Summary of experimental and theoretical ratios of (y, 2n) to (y, pn) yields

Target

isotope

Bremsstrahlung

energy

(MeV)

Experimental

(y, 2n)l(y, pn)

yield ratio

Calculated

(y. 2n)/(y, pn)

yield ratio

S0Cr 250 0.095 ±0.025 0.14

5*Fe 250 0.10 ±0.03 0.07

*Y 150 7.4 ±1.0 6.7

"Mo 150 0.41 ±0.05 0.15

280 0.49 ±0.05 0.16

I

form HBS-4 18
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REF.

METHOD

B.I. Goryachev, B.S. Ishkhanov, and V.G. Shevchenko
Proceedings of the Second Symposium on the Problems

of Nuclear Physics, Novosibirsk, USSR, June 1970

(Kolybasov, V.M. , Ed., Izdatel’stvo Nauka, Moscow 1971),

EL EM. SVM. *

Y

pp. 362-78

REF. MO.

Z

89 39

71 Go 3 egf

REACTION RESULT
EXCITATION
ENERCV

SOURCE DETECTOR
ANGLE

TYPE RANGE

G,P ABX 10- 29 C 10- 29 UKN 4PI

form N3S-419
»REV. 7- » 4-441
USC OMM-OC 24010-P44
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Ta6nHua3

Ct M £«Msb
Ni " EmMsb < Em Y ** £ U” £.

1

Mbb
a

,0T r

11,2
i

12,0 11,3

12.7 12,7

13,9 13,9 14,2

14,7 14,5 14,6

18,0 .

15,1

18,4 18,2 16,5

18,8 ( 17,0) 18,8 17,0 17,0

18,7 18,4 18,8 18,6 18,4 18,4 18,7

19,1 19,3

20,4 20,4 20,1 ( 19,7) 20,3 20,8

21.1 21,8 21,5 21.7 22,4

22,2 (22,1)

22,9 23,4 23,3 23,7 23,3 23,7

23,8 • 24,2

24,8 25,2 25,0 25,0

28,2 28,5 25,8 26,4 28,5

28,2 (27,5) 27,0 27,0

29,7 29,4
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METHOD

A. Lepretre, H. Beil, R. Bergere, P. Carlos . &A. Veyssiere

Nucl. Phys. A175 , 609 (1971)
89 39

REF. NO.

71 Le 1 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N 3*1 ABX 11-27 D 11-27 MOD-

1

4 PI

G,2N 3S31

T

ABX 2 1 -27 D 11-27 MOD-

1

4PI

10 12 11 16 18 20 22 24 26 28

E (H.V)
t

Fig. 3. Partial photoneutron cross sections a(y, n) and a(y, 2n) of (*Y.

Tabu 1

Lorentz line parameters corresponding to fits shown in fig. 6.

Rb Sr *Y *°Zr “Nb

<r, (mb)

r, (MeV)

£. (MeV)

192 ±10

4.1 ± 0.15

16.75± 0.05

207 ±10

4.2± 0.1

16.7± 0.05

225 ±10

4.1 ± 0.1

16.7± 0.05

211 ±10

4.0 ± 0.1

16.65 ± 0.05

202 ±10

4.7± 0.2

1 6.5± 0.05

Tabu 3

Integrated cross sections (the notation used is defined in the text)

Rb Sr •*Y "#Zr ,JNb

<r, (MeV • b) 1.14 ±0.06 1.42 ±0.07 1.36±0.07 1.26 ±0.07 1.33 ±0.07

»•

0.06 NZA-'
0.9 15 ±0.05 1.09 ±0.05 1.04 ±0.05 0.95 ±0.05 0.97 ±0.05

<r.i (mb) 67±4 ooO If (A 77 ±5 71 ±5 79 ±5

<r_, (mb - MeV* 1
) 4 ±0.2 4.6 ±0.2 4.4 -0.2 4 ±0.2 4.8 ±0.2

Em (MeV) 24 27 27 26 24
(over

)

U.S. [DEPARTMENT OF COMMEPCE
NATIONAL BUREAU OF STANCASCS
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total photo ncuthoh cwhs.scction*

Fig. 6. Total pliotoncutron cross sections <rr of Rb, Sr, **Y, **Zt anil ,3Nb anil best one Lorcntz

line fit corrcspoiuling to parameters given in table I.
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REF.
E. J. Moniz , I. Sick, R. R. Whitney, J. R. Ficenec, R. G. Kephart

and W. P. T rower

Phys. Rev. Letters 2^5 , 445 (1971 )

ELEM. SYM.

89 39

METHOO

71 Mo 3 hmg

reaction RESULT
excitation
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

E.E/ ABX Q-24Q D 5QQ MAG-D 60

Tahlo I. Nuclear Fermi momentum hy. ami average
nucleon interaction energy <. determine*! by least-
H*|uare.s fit of theory to quaslelnstlc peak.

Nucleus (McV/c) 1
t

(McV) b

3Li
s

lf.O 17

.C'* 221 25

nMg24 235 32

j„Ca
40 251 28

28NI
5**7 260 36

»Y 8’ 254 30

soSn"'*
7

260 42

rjTa
18 * 265 42

«Pb2M 265 44

‘The fitting uncertainty in these numbers is approx-
imately *5 MeV/c.

bThe fitting uncertainty in these numbers is approx-
imately *3 MeV. Simple estimates for t give numbers
in reasonable agreement with those in the table.
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Tatsuya Salto

Nippon Kagaku Zasshi 9_2, 164 (1971)

ElEM. sym. A

89 39

REF. NO.

71 Sa 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABY 11-68 C 10-68 ACT -I 4 PI

Nippon Kopoku ZossM. 93. 144-^1*8(1971)

The Yields of Radioactivities Induced by (y, m) Reactions

with •rimiitrahltHig up to 66 MoV

Tlie {f, ) yield* of 12 target nuclides have brrn measured

at III, 13, 16, 30, 43 and GU MeV brcintsiraliluug liy olrvrv*

ing tlie induced activities.

Tlie energy tk-pctidcnce of lltc yield* lias been investigated

extensively in tlie same way as in t lie previous work at 20

MeV IveinvUraliluiig.

In tlie rase of lieavy nuclides, tlie yichls rise greatly as a

function of maximum Imtidsnrding energy up to 20 MeV, and

rise gradually from 20 MeV up to 66 MeV. However, in tlie ease

of light nuclides, tlte yields rise greatly up to 30 MeV, because

the neutron separation energies of light ones are larger than

those of heavy ones, and tlte bremsstrahlung spectrum covers

the giant resonance and so the yields rise gradually from 30

MeV up to 66 MeV.
The yields have approximately been* estimated from the

parameter of the giant resonance, that is the prak cross section

and the half width, in order to compare with the experimental

data. As a result, tlie experimental data of light nuclides and

lieavy ones arc nearly in agreement with tlte estimated data

of Natlians ct al., Johns ct al. and Montalbctli ct aL, but tliose

of medium weight ones are relatively lower values.

Dtparlanai aj CMtmulry, Fatuity •/ Stint*, Tuhuka Uaiatruiy;

KataMra-tiW, Stmiai-M, Japan

B f * <}

•: 7.UW. ©: Johns 6,
3 : Nathans b» Ot Monlaibrtti b

m 4 (r,a)«B«Cbtf)|t«

PORM N3S-418
(R EV. 7-1 4*64)
USC OMM-DC 26010-P64 PH0T0NUCLEAR DATA SHEET 270
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C.J. Umbarger, D.A. Close, W.L. Sievers, and R.C.
Phys. Rev. C^, 199 (1971)

METHOD

3earse
ELEM. SYM. A

REF. NO.

89

71 Um 1

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 10-11 D 2-3 NAI-D 0

(2. 3-3.0)

The M
Sr(p,y)**Y and **Y(p, y)*®Zr reactions have been Investigated In the energy range Ep

=*2J to 3.0 MeV. Excitation functions for the transition to the ground state, with a total reso-
lution of 2 keV, were determined for each reaction over this energy region. Using thick tar-

gets and both a single Ge(Ll) detector and a Go (Li) detector incorporated Into a pair spectrom-
eter, total summed spectra for the 700-keV region were obtained. The average total cross
section of "Sr(p,y^**Y and ,

*Y(p,y<
1)
MZr was 12±5 nb and 17 ± 7 (ib, respectively. These

total summed spectra, which represent the total V-ray yield In this region, have been exam-
ined for a possible dependence of the intensity on the •/* of the final state. The data suggest
such a <f-dependence hypothesis, but detailed theoretical analysis of the M

Sr(p,y)'*Y reaction
does not completely agree with experiment. A spectrum from a Ge(Li) detector In coinci-
dence with a Naim) detector was accumulated for the MSr(p,y)'*Y reaction. The decay
scheme of the states of **Y up to an excitation energy of 3.621 MeV was determined and the
Implications about spins and parities are consistent with accepted assignments.

161.
152-

3.11

2JU

114
ior
1ST

242
2J3

Z57

.V
-
3/2

71
*

2.22- V

3.43-

3.31-W 3.QS-

2.75

V)
2.32-
2.19-

r*
4*

3'
4”

f

1.74 V
IJ1 V

I.7S- 0*

091-

0.00
S9
y

V aoo-
90
Z,

o

FIG. 1. Presently accepted level schemes for
MY and

MZr taken from the data of Van Patter (Ret. 8) and Ball

(Ref. 9), respectively.

8
D. M. Van Patter, Bull. Am. Phys. Soc.

15, 573 (1970).
9
J. B. Ball, Bull. Am. Phys. Soc. 15 .

574 (1970).
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VIELOI

ARBITRARY

I

VlELOl

ARBITRARY

I
2000K

FIG. 2. Excitation functions for MSr<£,y0)'*Y and **Y(p, Vo)
9,Zr over the energy region Ep =2.3 to 3.0 MeV.

I

i
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P. Paul
PICNS-7 2, p. 343 Sendai

METHOO

EL EM. SYM.

89

7 2 Pa 4

39

hvm

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G LPT 13- 15 D 5-9 NAI-D DST

Table III. El cranslcion strengths from the
2d

5/2 , 3s
1/2

and 2d
3/2

IAR in Y87 * 89 and Nb 91 .

Transition E (MeV)
P

r
Y
(ex)(eV) S(d,p) S(He?d) r

Y
(ex)/r

Y
(th)

5/2
+
+S/2~ 4.80 7 + 2 0.46 0.19

*
28

00

>* 5/2
+-+3/2" II

13 ± 3
II 0.14 1.5*

5/2
+
-+5/2" •I

7 ± 2
• I

0.19 28*

5/2
+-3/2" 5.08 8:2 0.8 0.11 0.6*

5/2
+
-*’5/2~ II

3.5 + 1
tl 0.09 17*

Y
89 1/2+-1/2’ 6.08 18 ± 3

II
0.9 0.18

3/2+-+1/2" 7.51 11 + 2 0.34 II

0.10

l/2
+
-*-l/2” 8.86 40 + 8 0.11 II

0.65

Nb
91 3/2+-+1/2" 6.82 26 ± 6 0.63 0.36

*
0.52

Belov effective neutron threshold

Excitation functions of the ground-state transition in
Y near the 3 sj_/2 IAR observed in radiative proton capture.
The solid curves are theoretical fits described in the text;.

fokm N3S-418
in CV. 7-1 4. 94)

USCOMM-NBS-OC

Fig. 7. Observation of the transition to the
ground state(2p

1/2 ) of 789 near a 2d3/2 IAR.
The solid curves are theoretical fits (see
text) .

u.s. department of commerce
NATIONAL BUREAU OF STAnOAROSPHOTONUCLEAR DATA SHEET 273



J. W. Watson, R.A. Medicus, and R.E. Turner
Phys. Rev. C6_, 497 (197 2)

See Erratum: Phys. Rev. C7, 1273 (197 3)

REF. EL EM. SYM. A Z

Y 89 39

methoo REF. NO.

7 2 Wa 3 egf

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RAN6C TYPE RANGE

G,2N NOX 20- 50 D 23- 50 ACT-

1

4PI

ISOMERS

TABLE I. Experimental isomer ratios:

Y»fy,2i.)Y«
,",Y41r .

Bremsstrahlung

end-point otergy (MeV)

Measured isomer ratio

Metastable state/total

23 J) ±1.5 oa *0.02

25.6*1.5 0.26*0.025

28.6*1.6 0.30 *0X3
50.0*2:3 0.35*0.03

A.THIS EXPERIMENT

FIG. 4. Isomer ratio in Y17 from the reaction Y”(y, 2n)

Y*7 vs'ond-potnt energy of thin-target bremsstrahlung.

isomer Ratios from Low Primary Excitation of Resid-

ual Nuclei. J. W. Watson. H. A. Medicus, and
R. E. Turner iPhys. Rev. C 6, 497 (1972)]. In

Figs. 3 and 4 the abcissas are incorrectly labeled.

In Fig. 3 all energy values should be Increased by
2 MeV, and in Fig. 4 they should be increased by
10 MeV in the range up to 90 MeV. Furthermore,
on p. 505, right column, second line from top.

Refs. 11 and 22 should read Refs. 12 and 23.

porm N3S-418
(REV. 7-1 4- 44)
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REF. EL.EM. JIM. A L

R.F. Barrett, J.R. Birkelund, B.J. Thomas, K.S.
Nucl. Phys. A210, 355 (1973)

METHOD

Lam, and H.H. Thies
89 39

REF. NO.

73 Ba 20 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N NOX THR- 27 C 10- 27 BF3-I API

Atomic Number A

Fig. 15. Ratio versus atomic number A. Here a,*, is the level density parameter taken from

the neutron resonance work of refs.
l,J

), and a, is the level density parameter derived from the

present (y, n) work. Filled circles represent points where nuclei in the neutron resonance and in the

(y, n) experiment were the same. Open circles represent points where the respective nuclei were

approximately matched. Triangles represent points which are based on measurement of neutron

mean energies at two bremsstrahlung energies only.

(over)
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(R EV. 7-1 4-«4»
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Table 3 (continued)

Target V
(residual

nucleus) *)

Goodness
of fit*)

no with

p.c. p.c.

£.(24) T
(MeV)‘) (MeV) 4

)

a,

(MeV* 1 )*)

a9bm
(MeV-‘) f

)

<U*Ja9

Y 49 100% G G 1.30 14.9-**Y 10.17-»°Y 0.68

Zr 49 52% F F 1.28 16.0-*°Zr 12.2 -9, Zr 0.77

50 11%
51 17%
53 17%
55 3%

Nb 51 100% F F 1.28 I9.6-* JNb 13.15-**Nb 0.63

Mo 49 16% G G 1.27 16.5-* 5Mo 14.7 -,7Mo 0.89

51 9%
52 16%
53 17%
54 10%
55 24%
57 8%

Ag 59 51% V.P. F 1.27 0.55 18.6- l07Ag 15.61-l0,Ag 0.84

61 49%

Cd 57 1% V.P. F 1.24 0.54 20.9-“**Cd 17.0 -,,JCd 0.82

61 12%
62 13%
63 24%
64 12%
65 29%
67 8%

In 63 4% V.P. F 1.26 0.57 17.0-“ *In 16.66-M*In 0.98

65 96%

Sn 65 14% V.P. V.P. 1.38 0.73 14.5-“ *Sn 15.9 -* 1 *Sn 1.09

(Z = 50) 66 8%
67 24%
68 9%
69 33%
71 5%
73 6%

Sb 69 57% V.P. P 1.2 0.68 19.2-“'Sb 17.0 -,2lSb 0-89

71 43%

Te 69 2% V.P. F 1.36 0.83 l5.0-“ 7Te 17.0 -,,7Te 1.13

71 5%
72 7%
73 19%
75 32%
77 34%

I 73 100% F G 1.23 0.70 1 7.0

—

1

2

®i 17.02-'-*! 1.00

*) Neutron numbers and abundances of respective residual nuclei in (;•, n) experiments.
s
) These, give an assessment of the goodness of fit of a calculated fi„ versus E0 curve to the

observed data, using the Fermi gas level density formula both without and with pairing corrections.
e
) Bremsstrahlung photoneutron mean energies Ea for peak bremssi rah lung energy E0 = 24 MeV.

4
) Nuclear temperature from fit with constant-temperature formula.

*) Level density parameter af derived from the present (/, n) experiment, using a Fermi gas

formula plus pairing correction, and corresponding residual nucleus (the atomic weight shown is

the weighted average of atomic weights of the respective isotopes present!.
f
) As column 7, but using data on n-resonance absorption from refs.

,

*) Measurements of £„(£„) for these nuclei were made only for £'
u 21, 23 and 24 MeV.
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K. Llndgren, G. G. Jonsson and B. Porkman
PICNS-73, Vol.II, p. 991 (1973) AailomarREF.

METHOD

ELEM. SYM.

Y

REF. NO.

89 39

73 LI 3 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANCLE

TYPE RANGE TYPE RANGE

G.G/ ABX 0-800 C 100-800 ACT-

1

4 PI

Fi S* 1 Fig. 2

p o rm N3S-418
<R CV. 7- 1 4-64)

USCOMM-N0S-OC
u.s. oepartmentof commerce

NATIONAL BUREAU OF STAnOAROS
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r«p.

S. P. Fivozinsky, S. Penner, J. W. Lightbody
,Jr. , and D. Blum

Phys. Rev. C9, 1533 (1974)

KU KM. »YM,

89 39

MITHOO ntPi no.

RtACTION ntIULT
i*eiTATION
SNiMY

aounet OITtCTOS
ANOUS

tr*t aanss fYRt A AN OS

E.S/ FMF 1- 4 C 45-121 MAG-D DST

6 LEVELS

_ 88 89
Elastic scattering data for Sr and Y.

[over]

TABLE V. Reduced transition probabilities IB (EL) tj.

Prediction of mixed model

B!ML)\ (Tassle model) B(JEL)I for **Y 3" transitions

Weisskopf Weisskopf

Nucleus Level it
2 (mu‘) units (e

2 fm8
) units

"Sr 2*

,

1.84 MeV 822.4 ± 23.8 7.0 ± 0.2

3". 2. 74 MeV 62 034 ±4015 19.3 ± 1.2

**Y |".4 =2
1.51 MeV 130.7 ± 17.57 1.1±0.1

f.4 =2
1.74 MeV 196.8± 13.89 1.7± 0.1

r.4=3
2.21 MeV 25 777 ±2251 7.8±0.7 24 836 7.5

f.4-3
2 52 MeV 36 603 ±2818 11.1 ± 0.9 25 764 7.8

(f ,f),L= 3

2.86 MeV 50536 ±5000 15.3 ± 1.5 30160 9.2

<f.|~),L=2
3.1 MeV

• 144.6± 11.66 1.2 ± 0.1

form N 3S-418
(R EV. 7-1 4-04)
USCOMM-OC 20 010- P® 4 PHOTONUCLEAR DATA SHEET 278
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TABLE IV. Electron scattering form factors for **Y.

Level

Incident

energy

(MeV)

Lab scattering

angle

(deg)

<1

(fm* 1

) l*T

Standard

deviation

<%>

Ground 120.85 110.5 1.005 0.6027x10"* 0.9

state 100.87 128.2 0.919 0.8147x10"* 1.0

1- 101.17 110.5 0.842 0.6544x10"* 0.8

80.86 128.2 0.737 0.9522x10"* 1.1

80.95 110.5 0.674 0.1802X 10” 1 0.4

67.07 128.2 0.611 0.3496 x 10"* 0.5

60.48 128.3 0.551 0.8321 X10"‘ 0.5

53.46 128.3 0.487 0.1641 0.4

45.42 128.3 0.414 0.3258 0.3

1.51 MeV 120.85 110.5 ... ... ...

L 2 100.87 128.2 • *• • * *

r 101.17 110.5 0.836 0.1463x10"* 37.5

80.86 128.2 0.730 0.2769x10"* 39.0

80.95 110.5 0.667 0.5404x10"* 18.6

67.07 128.2 0.604 0.6197x10"* 24.1

60.48 128.3 0.544 0.9577x10"* 13.5

53.46 128.3 0.480 0.6497x10"* 12.4

45.42 128.3 0.407 0.8282x10"* 17.4

1.74 MeV 120.85 110.5 ... ... ...

L -2 100.87 128.2 ... ... ...

r 101.17 110.5 0.835 0.2266x10"* 20.8

80.86 128.2 0.729 0.6865x10"* 18.3

80.95 110.5 0.666 0.1193X 10"* 8.5

67.07 128.2 0.603 0.1301x10"* 10.5

60.48 .128.3 0.543 0.1427x10"* 7.2

53.46 128.3 0.479 0.1548x10"* 8.0

45.42 128.3 0.406 0.1105x10"* 11.6

2.21 MeV 120.85 110.5 0.996 0.1969x10"* 4.5

Z.-3 100.87 128.2 0.909 0.2645x10"* 7.8

r 101.17 110.5 0.833 0.3397x10"* 2.9

80.86 128.2 0.727 0.3584x10"* 5.1

80.95 110.5 0.664 0.3334x10"* 3.4

67.07 128.2 0.601 0.3048x10"* 5.7

60.48 128.3 0.541 0.2478x10"* 5.0

53.46 128.3 0.477 0.1328x10"* 6.5

45.42 128.3 0.404 0.7320x10"* 15.5

2.52 MeV 120.85 110.5 0.995 0.1883x10"* 4.8

L -3 100.87 128.2 0.907 0.2926x10"* 7.3
r 101.17 110.5 0.831 0.34 98x10"’ 2.8

80.86 128.2 0.725 0.3711x10"* 4.5

80.95 110.5 0.663 0.3793x10"* 3.0

67.07 128.2 0.600 0.3286 x 10"* 5.1

60.48 128.3 0.540 0.2918x10"* 2.9

53.46 128.3 0.476 0.1593x10"* 7.2

45.42 123.3 0.402 0.7639x10"* 12.9

2.86 MeV 120.85 110.5 0.994 0.1158x10"* 7.7

L =3 100.87 123.2 0.908 0.1772x10"* 9.6

<f.f> 101.17 110.5 0.830 0.2310x10"* 4.1

30.86 128.2 0.724 0.2997x10"* 5.4

80.95 110.5 0.662 0.3339x10"* 3.6

67.07 128.2 0.598 0.2550x10"* 5.0

60.48 128.3 0.538 0.2357x10"* 4.5

53.46 128.3 0.474 0.1861x10"* 5.2

45.42 128.3 0.401 0.1158x10"* 8.9

3.1 MeV 120.85 110.5 . . . . • . . . .

L =2 100.87 128.2 ... . . .

<r-i > 101.17 110.5 0.829 0.1007x10"* 38.1

80.86 128.2 0.722 0.8593x10"* 12.8
80.95 110.5 0.661 0.1056x10"* 9.0

67.07 128.2 0.597 0.1260x10"* 11.2
60.48 128.3 0.537 0.1256x10"* 8.9

53.46 128.3 0.473 0.6261x10"* 15.2

45.42 128.3 0.400 0.1038x10"* 11.1
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REACTION RESULT
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(<*. c'p)

Fig. 12. Comparison of piiotoproton cross sections of **Y. (a) Present result, (b) Ref.
7
). (c), (<J

)

Theoretical estimates, refs.
13, lt

) respectively.

Table 5

The radiative width of the narrow El IAR obtained from the proton group in the proton spectra

Nucleus E1

(MeV)
E,

(MeV)
E*,(J*) r rpl *>

(MeV) 1
7

(eV)

v>
(eV)

2(r+i)£z.’)

X w
2(r+i)iL

,)

* *.p.

(P, Yo)

data r
y

(eV)

90Zr 14.5 6.0 o (1-) 26 26 B
) 0.076 > 30*)

16.3 7.9 o (i*) 741

16.3 6.3 1.51 (D 52/
126 c

) 0.26 -> 60*)

S9y
13.0 d

) 5.9 0 (0
+

) 13 13 6
) 0.13 f

) 18±3*)

14.5 *) 7.3 0 (0
+

) 16 16 *) 0.14 f
) 11 ±2 ”)

15.9") 8.7 0 (0
+

) 42 42 “) 0.68 r
) 40±8 *)

»>Sr 17.1 6.5 0 (4-) 9.51

17.1 5.6 0-85 ((*-)) 4.9/
14') 0.029

17.3 6.7 0 (}*) 30
i

17.3 5.9 0-85 ((!")) 18 )

48=) 0.094

The available data with the (p, yo) experiment are shown in the last column.
*) The errors may be » 30% (for

90
2r, 9, Sr) and * 50% (for S9Y) including the uncertainty

of the process to separate the proton group.
B
l r,

0ir = 1 was assumed.
e
) (f

’p0 = 1 was assumed.

J n — {* was assigned as shown in table 3.

*) J" — was assigned as shown in table 3.

') Correction was made for the spectroscopic factors on the ground state and the excited state

with the data of the (He3
, d) and (d, p) reactions respectively.

•) Ref. lT
).

*) Ref. 6
).
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REF. NO.

74 Wh 3 hug

REACTION RESULT EXCITATION
CNEROT

SOURCE OCTECTOR
ANCLE

TYPE RAN #8 TYPE HANOI

S,K/ ABX 0-300 D 500 MAG-D 60

See further analysis of this data In reference 79Z11
Q0A3IELASTIC SCAT

I

i

S' (MeV)

FIG. I. The measured quasielastic peaks; the errors oa the data points do not Include an over-all 3% normalization

uncertainty. The solid curve Is a fit by the Fermi-gas model which yielded hr (In MeV/c) and e (In MeV) as follows:

(a) *U (169, 17); <b)
,lC (221, 25); (c)

24Mg <235, 32); (d)
40Ca (249, 33); (e)

S**I N1 (260, 36); (f) **Y (254, 39); (g)

,u * TSm (260, 42); (h) utTa (265, 42); (1)
20*Pb (265, 44). The fitting uncertainty in kp la±S MeV/c and In e it is ±

3

MeV. The small-amplitude dashed curve is the s-wave ^-production contribution, the dot-dashed curve is the isobar

excitation, and the large-amplitude dashe<J curve is the total result.
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REF. NO.
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REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.P ABX 15- 24 D 14- 25 MAG-D 90

El virtual photon spectrum used to obtain (y,p) cross sections.

Fig. 3. Differential (y, p) cross sections at 0 = 90" analysed from (e, e'p) cross sections by the least-

structure method.

15

K. Shoda et al., Nucl.
Phys. A221 (1974) 125
18

A. Lepretre et al., Nucl.
Phys. A175 (1971) 609

Fig. 5. Upper figure: open circles. a(y, p); dosed circles, o(y, n) [ref.
1
*)I; closed points, o(y, p0 )

[ref.
,4

)J; solid line, Lorentz line lit to the T< region of a(y, n) [ref.
1
*)]; dotted line, Lorentz line

fit to the T< region of <j(y, p) with r, and F, equal to those of a(y, n). Lower figure: ratio between

cross sections. Dotted line: constant for a(y, p)l<t(y, n) determined around T< GDR.

FORM N3S-418
is EV. 7-1 4-941

USC OMM-N BS-0 C

U.S. OEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STAnOAROS

PHOTONUCLEAR DATA SHEET 284



REF.

METHOO

H. Bartsch, K. Huber, U. Kneissl, H. Krieger

Nucl. Phys. A256, 243 (1976)
ELEM. SYM. A I

z

Y 89
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39
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REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N RLY THR-UKN C UKN SCD-D 4PI

Table 1

ISOMER RATIO

Experimental and theoretical results

Process Target-

spin 05/)
Spin

high

Spin

low
a _
“of ——

—

SCOP (A)

,#1Ta(y, 3n) i* 93 2.2 h

9.31 min

8.15 h

7- l* 0.51 ±0.09 3.6 ±0.2

141Nd(y,n) 0* 755 63 s i* 0.055 ±0.006 2.20±0.06

1100-1300, 2.5 h 0.19 ±0.01*)

145

”Mo(y, n) 0* 6523 66s 1* 1.03 ±0.21 5.03 ±0.75

1208, 1508, 15.49 min 0.85 ±0.07*)

1581, 1637 1.92 ±0.15*)

1#,Mo(y, a) 0* 97.3 16.8 /a i* i* 0.85 ±0.24 1.72±0.25

140.5 66.02 h
1#*Pd(y, n) 0* 214.5 22s i* 0.5 ±0.2 3.4 ±0.5

115 850 ns

”°Pd(y, n) o* 188 4.7 min i* 0.11 ±0.02 - 3.14±0.15

113 390 ns i
* 0.41 ±0.09 3.0 ±0.25

87.7 13.47 h r i* 3.2 ±0.7 3.3 ±0.4

t9Y(y, n) *- 231.7 14.2 ms 8* i* 0.056±0.008

442.3

392.5 300 jus

*) Re£“). *) Ref. **). 14
p.E. Haustein et al., J. Inorg. Nucl. Chem. 33, 289 (1971)

^J. H. Carver et al., Nucl. Phys. 27_, 449 (1962)
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MCTHOO REF. NO,

77 Pi 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGUE

TV** RANOK TV** RANG*

E.E/ ABX 2- 55 C 93 MAG-D DST

[jfUCLEAR REACTIONS 9
*Y(<?,<?'). £0

-92 5 MeV Me? cured j'-.r'dtidF., bound

and continuum states. Deduced multipolarity \, reduced matrix element £f(£"\),

radiative width T J , sum rule exhaustion, single particle strength, and total

width of the continuum and clustered states.

.. .... . J

(92.5)

FIG. S. Relative DWBA cross section, calculated

using the Goldhaber- Teller model, as fitted to the

experimental cross sections for the resonance at 14

MoV with a width of T= 1.3 MeV. The comparison rules

cut any assignment other than £2.

i 1 ' ' l

0 4 05 0.6 07 0 8

momentum transfer (fm‘

)

fiG. 10. Relative DWBA cross section using the

ihaber-Teller model as compared with the cluster of

'• concentrated around 7 and 3 MeV. The comparf-

f-v.urs an £3 assignment for these states. The large
’ r: :, r at the lower momentum transfer is due to*the sub-
r tiun of the ghost peak.

FIG. 9. Relative DWBA cross section using the G;ld-

haher-Teller model as compared with the resonance at

2d MoV assuming 3 width of T-3 MeV. The compari-

son shows that the cross section in this. region is pre-

dominantly £2 with the possibility of some £3 contribu-

tion.

FIG. 11. Relative DWBA cross section calculated with

the Goldhaber- Teller model for the structure at 1....)

\>V with a width of 1.2 MeV. Comparison with experi-

ment favors an £3 assignment. M2 assignment would be

possible, too, but was not considered seriously possible,

due to the great M2 strength necessary to explain the

data.
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TABLE I. Comparison of some results for the £1 (GDR) resonance in .V = 50 nuclei.

Ref. £ 0
CTeV) T (MeV) R Co)

* Method Nucleus

22 16.79 3.95 ± 0.06 87 ±6 (y ,n)
slY

23 16.74 4.1 ±0.1 111 ± 5 (y.n) tty

5 16.65 4.0 107 ± 32 (e.e') MZr
8 ... b 4.0 113± 25 (e.e') 50Zr

This

work
16.6 3.9 ± 0.2 104 ± 10 (e.e')

*R = £,£(£!)/ EWSR(£1,AT = l)x 100. bThe authors used the (y, n) value.

TABLE n. Compilation of some results for the £2 (AT = 0) resonance in N >50 nuclei.

Ref. £0 (MeV) T (MeV) R CD* Method Nucleus

5 14 4.8 ± 0.6 56 ± 17 (e.e') wZr
6 14.5 ±0.3 4.0 ± 0.2 54 ± 15 (a, a') MZr
8 14 b 4.5 b 84 (e ,e') ,8Zr

40 13.8 ± 0.2 3.2 24 ± 5 (/>./>') **Y

This

work
14.0 ± 0.2 4.5 ± 0.4 56 ± 6* (e.e>) **Y

If
‘R-f.R^J/EWSRtAT^O^JxlOO.

f * Values were taken from Ref. 41.

|
'The rms radius A =4.27 fm of Ref. 13 was used for calculating the sum rule yielding an

s
EWSR (£2, AT = 0) of 25 300 MeVfm4

.
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2.6 ... 1.0* 0.2 ( 1.12 ± 0.15) x 10s 15* 3 5.3 x 10*‘ 34 3 0

4.0 ... 1.0* 0.2 700 * 140 11 *3 1.2 x lO’ 1 6 2 0

6.75 30 1.0 ±0.2 (16.5 *3.0) xio 3 6* 1 6.2 x lO"4 5 3 0

8.05 36 1.2 * 0.2 (16.5 *2.5) x 103 7*1 2.1 x 10"3 5 3 0
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2.5 * 0.6 2.1 x 10*J 1.4 3 1

14.0 63 4.5* 0.4 1040* 103 56* 6 9.0 x 10* 8.8 2 0
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REF. NO.

78 Ma 10 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABY 12-68 C 30-68 ACT 4 P

I

Analysis is made of reactions interfering with
photon activation analysis procedures.

The activation yield curves have been presented for a number of photonuclear reactions in the energy range from 30 to

68 MeV. in order to evaluate quantitatively the interferences due to competing reactions in multielement photon activation

analysis. The general features of the yields as functions of both target mass number and excitation energy were elucidated

from the data obtained, discussion being given on the results in terms of the reaction mechanism.

Simultaneous neutron activation due to appreciable neutron production from the converter and surrounding materials

has also been studied, and, finally, the magnitudes of interferences in real multielement analysis were given in the form

of their energy dependences.

10
1

10 *

Nr

Fig. 2. Yield per equivalent quanta versus target neutron num-
ber.

Fig. 7. Activation yield curves for the reactions on Y. Zr. Nb
and Mo.

89 Y(y, n)88 Y. © ^Zrly. n)
89

Zr. O ’’’Zrty. pn»5S Y.

d 93 Nb(y. n)92m Nb. A 93 Nb(y, an)88 Y. B l00 Mo<y, n)"Mo.

O 97 Mot y, p)
96 Nb, 2 96 Moty, p)

9jm Nb.O 94 Mo(y. pn)9:m Nb.

98 Mot y. 2n)90 Mo,7 94 Moty, an)89 Zr.

-os« N3S-4I8
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Fig. 9. Yields of the (y. n) reactions as a function of brems-

strahlung maximum energy and target mass number. The
numerical values in the figure are yields per equivalent quanta

in mb.
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REACTION result
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TVRC range TYRE RANGE

$ P.G RLX 14-24 D 6-16 UKN-D DST

Analysis of data in reference 5. POLARIZED PROTONS

Measurements of cross sections and analyzing powers are examined for polarized proton capture on “C,M
Fe,

M
Fe,

5
*Fe,

J
*Co, and **Sr at energies which cover the giant dipole resonance region. These data

are used to extract the relative amplitudes and phases of the contributing £1 T-matrix elements. A typical
result exhibits two solutions. Calculation.*, using the direct (or a direct-semidirect) capture model appear to
provide a means for choosing the physical solution.

NUCLEAR REACTIONS: “Cf/o',). ”SUP.y,). ,4Fe(ft% ), »Fe(/,y# >,

**Fe(p, y,),
5,Co(p, y0 ), **Sr(p , y# ); measured 9(8) and A (8) over energy region

of the giant dipole resonance. Deduced T-matrlx amplitudes ami phases. Com-
pare results to dtrect-semidtrect model calculations.

FIG. 1. The two solutions (dots and x's) resulting from a pure £1 analysis of the data are shown along with the results
of the calculation for target nuclei of I4C, MSr, and 3S

Si. The remaining cross section in the case of ,4C and nSr is due
to the s,/j matrix element. In the case of 5#

Sl It arises from thepi/2 matrix element. The error bars represent typi-
cal statistical errors associated with the data points. The amplitudes are presented in terms of the percentage of the
total cross section for which they are responsible. The curves represent DSD calculations as described in the text.

The dashed curves In the case of MSr were obtained using the optical model parameters of Ref. 16 while the solid lines
were obtained from the parameters of Ref. 18.

[over]
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REE. NO.

39

80 Va 1 hg

REACTION RESULT EXCITATION SOURCE DETECTOR
ANGLEENERGY TVR| range TYPE RANGE

G,P0 ABX 13-25 c 13-25 SCD-D DST

G,P1 ABX 15-25 c 13-25 SCD-D DST

Absolute [yjJ and \Y-P\) differential cross sections for **Y were measured at seven angles in the energy interval

between 13 and 24.6 MeV, from which the angular distribution coefficients were deduced by fitting a sum of

Legendre polynomials. In these cross sections we observe a number of isolated resonances which can be identified as

the isobanc analogs of known 1/2* and 3/2* excited states in the ”Sr parent nucleus. The appearance of a

maximum around 21 MeV excitatioif energy in both total cross sections may indicate the existence of the T,

coherent dipole state. From the angular distribution coefficients in the |>Vol channel, an upper and lower limit for

the £2 photon absorption were estimated as being equal to 22% and 6%, respectively, of the total £2 energy-

weighted sum rule.

[

NUCLEAR REACTIONS “YOy ./>,). (V,pt ),
£-13.0-24.6 MeV, 9-37-143*;'

measured o(£; 9) absolutely. Deduced cr(£ ;/>„), cr(£;p
t ); EX, £2 strengths,

lsobartc analog states, tsospin splitting. Natural target.

FIG. 5. The points with error bars in the upper half
of the figure show our experimentally determined total
a
*Y(Y.A,) cross section, while the full line represents
the results deduced from the MSr(p,y

0 ) data of Paul
et al. (Ref. 8); the bottom half of the figure shows the

(y.p,) cross section resulting from the ic.e'p) experi-
ment of Shoda et al. (Ref. 9).

Only statistical shown, systematic
uncertainty is of the order of 5%.

FIG. 6. The angular distribution coefficients a
t
(E), l

- 1 4, as a function of excitation energy for the
s
*Y(y,p0 ) reaction.

EXCITATION ENERGY IMeV)

FIG. -7. Upper (open circles) and lower (dotted points)

limits of the £2 contribution to the 3,Y(y,p
0 ) photoab-

sorption.
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EXCITATION ENERGY (M*V)

FIG. 3. The upper half of the figure shows the total
a
Yfy,fii) cross section, while in the lower half the angu-

lar distribution coefficients a
t (£) and az (£) are repre-

sented.
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REF. NO.

81 Va 1 hg

reaction RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P0 ABX 7-25 C 14-25 SCD-D DST

G,PL ABX 7-25 C 14-25 SCD-D DST

The ‘^Yty.pl'^r reaction was studied at various bremsstrahlung end point energies in

the giant dipole resonance region. Using an artificially constructed pseudomonoencrgetic

photon spectrum, it was possible to determine the absolute cross sections for various pho-

toproton reaction channels. From the direct decay cross sections the proton escape width

r; of the r< giant dipole resonance was derived; its value amounts to 0.30—0.35 MeV.

The nondirect contribution equals about 25% of the total energy-integrated photoproton

cross section.

’NUCLEAR REACTIONS 19Y(y,p), E = 14-24 MeV; measured]

<j(E) absolutely. Deduced fj. Natural target.

FIG. 6. The absolute **Y{y,p) cross sections for the
various proton channels which could be identified.

i - - ‘ 1 » * i. . : *-

U i* i* it 17 • '« 20 2* 12 2) 24 2%

f!ClUt*OW CN«HO* •

FIG. 7. The ratio of the nondirect to the total cross

section for the ’“Y (y.p) reaction, as a function of excita-

tion energy.

TABLE II. Integrated cross sections for the various photoproton channels observed in the

”Y(y,p) reactions.

Channel Integration limits

£, (MeV)—£2 (MeV)

r
E
2

a(E)dE
J e

i

(MeV fm :
)

f o{pi,E)dE
X100

J
<x(p,E)dE

(r,po) 13.8-24.6 2.45 ±0.02 15.6

'Y.P i> 15.1-24.4 2.77+0.03 17.7

[y,p(E =3.4 MeV)] 15.8-23.8 6.59+0.18 42.1

[y,p(E> 4.5 MeV)] 17.8-23.8 3.86+0.57 24.6

<y.P>ioui 13.8-24.6 15.67+0.60 100.0
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Z

39

METMOP REF. NO.

73 Ni 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

N,G RLY 14- 16 D 6-9 NAI-D

Fig 1. Gamma-ray spectra from ^Y(n,y)^°Y
at various neutron energies plotted
versus residual excitation energy.
The spectra are normalized to nhe
same neutron flux. The single-particle .

structure of i s given on top of
the figure.
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D.M. Drake,
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Y

HE*. NO.

90 39

78 Be 1

REACTION result EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE

N-K ABX 13- 23 D 6-16 NAI-D 90

EXCITATION ENERGY (MeV)

Fig. I. Comparison of the measured spectra from the reaction ’"Yfn. y)*°Y and those predicted from

the direct-semidircct (DSD) capture theory at neutron energies from 7.2 to 15.6 MeV. The theoretical

spectra were computed using the DSD cross section predictions with a complex interaction for y-ray

transitions to the single-particle states of
,0Y shown on top of the figure. The cross sections were multi-

plied by the Nal(TI) detector response function and corrected for y-ray attenuation and detector efficiency.

The observed and theoretical spectra were normalized to each other in the region corresponding to

evcita’ion energies below 3.2 MeV. The GDR parameters used are given in the text while the interaction

parameters chosen were r, * 75 MeV. and
,
= 110 MeV. The data at neutron energies of 7.2 83 and

10.9 MeV were taken with the TLU system while the higher energy data were taken at LASL

over
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Fiji. 3. Experimental (n. y) cross sections for y-ray transitions to the two 2d
} , states at 0 and 20? keV in

Y and the integrated cross section for y-rays to levels below £, = 4.5 MeV. The dilTerential cross sections

at ')0 were multiplied by 4- The results from the TLU experiment are indicated by open circles and the

LASL data are shown by solid circles. The solid lines represent the cross section predicted from the DSD
theory using a complex coupling function for the particle-vibration interaction.

Fig 5 Detailed comparison of the experimental (n. ; ) cross sections for y-ray transition, to the ground-

state doublet or Y The data are compared tothe predictions of the DSD model using various parliele-

wbrulion interaction function'
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REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

N,G RLX -P»1 00 D 7-11 NAI-D DST

Abstract: Gamma-ray spectra from neutron capture in natural samples of strontium and yttrium have

been recorded at various angles with respect to the direction of the incident neutron flux. Angular

yields have been observed at six neutron energies in the range 7 to 1 1 MeV using time-of-flight

techniques to improve the signal-to-baclt ground ratio. The y-radiation was detected by a large

Nal(TI) crystal placed in a heavy radiation shield. Certain combinations of Legendre polynomial

coefficients were extracted for transitions to low-lying single-particle states (2d, )2 and 3s,

,

2 ) in the

final nuclei. The energy dependence of the angular distribution coefficients indicates interference

between the electric dipole amplitude and amplitudes of opposite parity. The results are compared

with theoretical calculations based on the direct-scmidireci model.

Fig. 2. Amrular distribution coefficients sf, and rj. versus neutron energy for the reactions ”Sr(n. l0
)*,Sr

(open circles) and *°Y(n. yu -ry
1 )

<> ' ,Y (crosses). The curses for the.V, coefficient represent the results of

theoretical calculations for El transitions to the 2d, , state in
,u
Sr from the direct (->olid Ime) and DSD

(dashed line) capture models.

porm N3S-4I8
'REV. 7-1 A-tA I

USC OMM-N 8 S-0 C

over

U.S. DEPARTMENT OF COMMERCE
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Fig. 3. Angular distribution coefficients .V, and V. versus neutron energy for /-rays to the 3s,
2
states

from the reactions '*Sr(n, y)
,9
Sr (open circles) and “’Yin. ;)

90\ (crosses). The theoretical result for

DSD model calculations are shown as dashed curve for pure FI transitions and as solid curves assuming

El and E2 transitions associated with collective excitation of the GDR and the isosclar GQR.
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ZIHCCKim

Z=40

Although zircon was frequently used by the ancients
for intagli and although hyacinth and jargon (semi-
precious stones) were known in the middle ages, the
presence in these minerals of an unknown metal was
not suspected until near the end of the eighteenth
century. The earth zirconia was overlooked because
of its great similarity to alumin, and it took the
analytical skill of Klaproth to detect it. He worked
with zirconium silicate in the form of semiprecious
gemstones from Ceylon. These zircon gems derive their
name from the Arabic zargun (gold color), and

Klaproth named the element zirconium.
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Method
Betatron; proton yield; angular distribution; sctintillator;

ion chamber.

Ref. No.

63 Mi 5 NVB

Reaction E or AE CTd E J * Notes

Zr(Y,xp) Bremss.

22

<3/2

10 - XlO 3

a 6

f 7/2

j

I

YIELD OF FAST PHOTOPROTONS

g 9/2
_i

a 4 c

2 -

o <5

10 20 30 SO

RATIO 6/a IN

Y(9)»a»o *in
l
0 tl t 0 cos 3 )

J

20 3C

I' I,. J 'll,,- mi-IiI. ..I fill |
tf> »l 1 *||. • /-.. > * Mr' • I *

. w Inn 1rr.nlt.1L 'I »itl> .':'l>> It- I !•> ••

.",1 t.* II . Ill- t.iL.iil N Mrv l'-r itrt.L.ir.'. I lit' > rr. r- !>•'• •

i I*., .1. 1 In- .,i:i..lr».|iv » i.-tm irni I' 'fi tfif f.i-t |iln»l'*|tr '

l.i . rri>f» iminl .»rc

50

• f v.irimi*

lr»»m

1 |t»i .« IIICIII'.

Angular distribution:

Y(0) = a + b sin^9 (l + p cos 0)^

where a = 2k±8 ; b = 74±li4-;

p = 0.2 ±0.1 and b/a = 3 . 111 . 2 .

Yield (E
p
> 8 MeV)

:

( 2 . 6±0 . 6 ) 105 protons/mole-i

Yield ( 3.7 < E
p
< lit-)

: (29±3) 10
5

K 11 ;. V. The value* of the fu»t phntnprntnii .iii:«>tmp\ « tent 6 >1 f* l»\ f f»c present

aut.W* • •> all*! /.tiler vv..rxrr* 1 Q) in the nr;t*.n 'd the jutm-Iu- t. title 10 < /. < .’>0 \rrom»

iiultr.tfe *.U-*4..1c fxiitu*. I he reference* to the fonlh of other *'.rkvr» are urven in l aide II.

1 he demarcation* arc explained m the test.

FORM NBS-418
(S-1-S3I
USCOMM-OC t 8 33 6-

U.S. DEPARTMENT OF COMMERCE
NATIONAL BURRA!.: OF STANPAROS

PHOTONUCLEAR DATA SHEET 306



REF.

I. I. Dushkov, B.S. Ishkhanov, I.M. Kapitonov, B.A. Yur'ev, V.G.
• PhyS'". Letters _I0, 310 ( 1964 ) Shevchenko

ELEM. SYM.

Zr

A z

40

METHOD

Betatron [Page 1 of 2]

REF. NO.

64 Du i JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,p ABX THR-34 C 22-34 MAG-D 2- 16 DST

ABX

Fig. X. Comparison of theoretical and experimental
data for the (y.n) reaction.

Tig. 2. Comparison of theoretical and experimental
data for the (y.p) reaction.

Fig. 3a. Energy dietributtan of photoprotons at

^Ymax ' 22 MeV *

Fig. 3b. Energy distribution of photoprotons at

Ey - 25 MeV.
> zhslx
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REF. NO.

64 Du 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Fig. 3c. Energy distribution of photoprotoaa at

^Yrnax
” 34 M*V -

1(8)

0 , 1

9

0 60 120 ISO’

Fig. 4. Angular distributions of photoprotons at

£vYmax - 25 MaV.

Fig. 5. Angular distributions of photoproton at

EYmax 34 MeV.
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REF. NO.

65 Du 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABX 18-26 D 17-24 EMU-D 3-13 DST

a, «b

Fig.l. Variation of

the Zr(7,p) reaction
cross section with

- Fig. 2. Spectrum of photoprotons from zirconium with irradiation of the target by

7 rays with E
y max = 22 KoV.

' Fig. 3. Spectrum of photoprotons from zirconium with T.y na:c = 25 MeV. The smooth

curve represents the spectrum calculated on the basis of the statistical model'.
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Fig. 4 Fig. 5

Fig. 4. Spectrum of photoprotons from zirconium with = 34 &V.

Fig. 5. Angular distributions of different groups of protons (Zr target irradiated

with Ey max = 25 MeV bremsstrahlung) : a - E
p
> 7 MeV, b - £_ > 4 MeV.

//S/. »f a. unlit

Fig. 6. Angular distributions of

different proton groups (target
irradiated with max = 34 MeV
bremsstrahlung) : a - Ep = 12-17
MeV, b - Ep = 9-12 MeV, c -

= 5. 6-9.0 MeV, d - E
p = 3. 5-5.

5

MbV.
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Nuclear Resonance Scattering using N,G reactions.

REF. NO.

66 Be 3 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angleTV** HANOI TYPE MANSE

G,G RLX 5 - 10 D 5-10 NAI-D 5 - 10 135

Fig. 3. Histogram of distribution of observed resonances among the different targets. The atomic number is given directly beneath
the chemical symbol followed by the neutron numbers of the naturally occurring isotopes. Magic numbers are shown in brackets.

Tabu III. List of effective cross sections.

Fig. l.(c) Complex scattered spectrum from Zr excited
by Se capture' gamma rays (with Se background) .

rnnM HBS-418

W„,n.n„ photonuclear data sml

Scatterer

Energy
(MeV)

Gamma
source

4

(mb) Scatterer

Energy

(MeV)
Gamma
aource

i

(mb)

Sm‘P 8.907 Ni 100 Sn 7.01 Cu 110
prui 8.881 Cr 9 Nd 6.867 Co 30La 8.532 Ni 6 p ru» 6.867 Co 3Te 8.532 Ni 3* Te 6.7 NiCu 8.499 Cr 24 La 6.54 12
Zr 8.406 Se 3050 Cd 6.474 Co 110Zn 8.1 19 Ni 13 Mo 6.44 Hg 25«
Se 7.817 Ni 50 La 6.413 Ti 72
Se 7.76 K 90 Mo 6.413 Ti * 10
Sb 7.67 V . . .a Tl 6.413 Ti 25Cd 7.64 Fc 40* w -w6.3 Ti . . .6
Ni 7.64 Fe 7* Sb 6.31 Hg 6«
Pr‘« 7.64 Fe 12* Ti 6.31 Hg 2«
Tl 7.64 Fe 370* Sn 6.27 75La 7.634 Cu 7 Pb** 6. IS GdMo 7.634 Cu u Te 5.8 Ni . . .1
Hi" 7.634 Cu 4 La 6.12 Cl 35Te 7.528 NI 66< p r i« 6.12 Cl 110
Bi»» 7.416 Se 100 Pt 5.99 Hg 40»-«
Bi"* 7.300 Aa 80* Tl 5.99 Hg 5«
Pb*» 7.285 Fe 4100 Pb»» 5.9 . . .A
Cl 7.285 Fe 34 Ce 5.646 Co 17
Pr‘“ 7.185 Se 80 Bi* 5.646 Co 55
Tl 7.16 Cu 120 Pb"« 5.53 70
La 7.15 Mn 50 Hg 5.44 Hg 75«
Bi* 7.149 Ti 2000 Hg 4.903 Co 385

» A broad scattered spectrum with no observable peak structure.
•There are actually two lines of energies 7.647 and 7.633 MeV having

eouaJ intensities in the iron capture gamma spectrum. The cross section
has therefore been corrected, although there is no possibility at present ofdeciding which line is responsible for each resonance.

• Is probably an independent level^ln the complex spectrum of Ni rrays on Tt.
• Rough estimate.
< May be inelastic component from 7.528 level In Te.
• The relative line intensities in this case are due to Groshev andco •workers.
• No line Is known for the source at this energy.
1 Difficult to resolve among the many source lines present at this energy.
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REF
‘ S. M. Hussain and K. G, McNeill

Can. J. Phys. 2851 (1967)

EL EM. SYM.

Zr

A z

40

METHOD REF. NO.

67 Hu 2 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABY THR-22 C 22 THR 4- DST

YIELD AT Ee > 22 M«V work

**3i 0*,p7 ACTIVATION BY PHOTONEUTRONS !_lead*

hie. 3. The yields of fast photoneutrons from various elements as measured in the present
j

a,,d Baker. The present results have been normalized to Baker’s measurements for

SOOOr • PRESENT WORK
• BAKER (IBM)

h
o 1000
O
V
u
o 500
N

• •

• •

y
•C4

• Zf

• tzs

100

®NI

10 30 SO 70 90

ANISOTROPY COEFFICIENT -Q. a

Fig. 2. The anisotropy coefficients a,, in the formula W(9) - «,(1 + a tP, + a,P,)
obtained in the present work, and those obtained by other workers in the same Dart of the
Periodic Table.

I

TABLE I

t>

it

Element

Nickel
Zinc
Selenium
Zirconium
Niobium *»

Molybdenum
Cadmium
Tin
Lead

«•* a i dt

77(1.0±0.05) 0.14±0 04 — 0.34±0.0fl
236<1.0±0.01) 0.06±0.03 -0 30±0.04
525(1.0±0.05) 0. 10±0.04 -0.25±0.05
380(1. 0±0. 05) 0.03±0 04 — 0.27±0.05
392(1.0±0.03) o.oi±o.n2 — 0.30±0.03
410(1. 0±0. 03) 0.05±0 03 — 0.41 ±0.04
755(l.0±0.02) 0.05±0 01 — 0.28±0.02
955(1.0±0.02) 0.08±0 (« — 0.30±0.02
2274(1.0±0.02) 0.06±0 02 — 0.48±0.02

•For comparison purpoeet the experimental value of a. for Pb hsi been norm.ilired to coincide with
that obtained by Baker and McNeill (10111) and ia the yield per mole per 100 roentgen. All other
values of at have alto been quoted with the tame normalization.

I

FORM NBS-418
(Rev. 7-io-eai
USCOMM-OC 2801O.P64 PHOTONUCLEAR DATA SHES" 312
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K. Shoda and H. Taneichi

J. Phys. Soc. Japan 26, 217 (1969)

C.U C.M . iff

Zr 40

•METMOO

[Page 1 of 2]

REF. NO.

69 Sh 4 hrag

REACTION RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABX 8-24 C 20,24 EMU- D 2- 14 DST

(20.5)

Table II. Anisotropic factor BIA and asymmetry factor p of angular distributions determined by least*

square fits with A + B (\+p cos 9) sin* 9.

Zr

(Ermas= 20.5 MeV) (Erm*s= 24.0 MeV)

E,(MeV) BIA P E^MeV) BIA P

2.5—4.4 6.26±0.09 —0.9±0.4 3.5- 7.3 -0.1 ±0.1
j

—2.4— 2.6

4.4—6.7 1.0 ±0.2 0.6±0.2 7.3-11.5 0.7±0.4 1.0-0.

7

6.7—8.6 4.3 ±3.4 0.7±0.3 11.5^ 1.3±1.9 1. 2x1.6

8.6* 7.1 ±9.5 1.3±0.4
;

»I0'"

Fig. 2. Energy distributions of photoprotons from

Zr irradiated with the bremsstrahlung at maxi-

mum energy of 24.0 and 20.5 MeV.
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Fig. 3. Examples of angular distributions of photo-

protons from “Y and Zr.
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K. Shoda and H. Taneichi

J. Phys. Soc. Japan 26, 2L7 (1969)

c. _ c.m . ^ t r

Zr 40

METHOO

[Page 2 of 2]

REF. NO.

69 Sh 4 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

6

5i

4-

f f t t Zr(y>»n

Fig. 5. Energy dependence of the anisotropic fac-

tor B/A of the angular distributions for photo-

protons from Zr. See also the caption for Fig. 4.

A sign indicates that B/A is too

large to plot the figure.

Fig. 9. The (j\ p) cross sections of »»Y and Zr in the

photon energy region lower than 20MeV. The

(;•. pt) cross sections deduced from the inverse

reaction cross sections are shown by solid lines

indicated by <»». Theoretical **Zr(r- Po)"Y cross

section 1 *'-, is shown bv broken line.

E. (MeV)

Fig. 8. The energy distribution and the anisotropic

factor BIA for photoprotons from Zr obtained by

subtraction of from S'm.smv. See also

the caption for Fig. 6.

Fig. 11. Cross sections for strong photoproton tran-

sitions on Zr. Photoproton cross section obtained

from the yield curve. •> neutron emission cross sec-

tion**> and the results of the 8,Y(p. ro^Zr reac-

tiono - 11 - 111 are also shown.

FORM NBS-418
(REV. 7-1 4-94)
use OMM.OC 26010. P64 PHOTONUCLEAR DATA SHEET 314
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NATIONAL BUREAU OF STANOAROS



FIG. 1. The photon elastic-scattering cross section of

Zr. The values assume that only 90Zr contributes above

Ey (MeV)

FIG. 4. The photon interaction cross section of *Zr. It was assumed that the elastic photon scattering above 3.68

MeV was due to ^Zr. The inferred cross sections are shown by the circled crosses with experimental errors corre-

sponding to the statistical uncertainty in only the elastic-scattering cross section. Below 10.62 MeV, the measurer, pho-

ton scattering cross section is shown by the diagonal crosses; at and above the 10.62 MeV the diagonal crosses rep re- 315 r

sent the sum of the elastic scattering and photoproton cross sections Inferred from the data in Refs. 19 and 20. The line — over
partmentof commerce

Is the low-energy extrapolation of the Lorentz line which matches the photoneutron cross section of Zr in the giant res- 3unElu OP standard
onance region according to Ref-^Mi



TAiiLfc. II. Pnocon cross sections tor "z.r. xo see. u, iur an explanation oi u,u aeauings ana ei.ti .ea n, .ius lame.

E
r

(MeV) (keV)

_ a
<rrr
(mb) (mb)

*r»*
(mb)

Single-particle

units per MeV

3.38 60 2.79 ±0.90 5.2± 1.4 0.047

3.49 60 5.84 ± 1.03 9.2± 1.5 0.082

3.60 60 1.00 ± 0.69 2.8± 1.5 0.024

3.70 110 3.55± 0.30 6.5± 1.2 0.055

3.S9 60 4.34 ± 1.22 8.5 ± 1.6 0.068

3.98 60 5.21± 1.15 9.1± 1.5 0.072

9.09 60 10.51 ±1.61 15.8± 2.3 0.125

9.24 60 6.38± 0.95 11. 1± 1.3 0.033

9.43 120 5.78± 0.87 10.6*1.2 0.076
9.61 60 4.14 ±0.99 3.7 ± 1.5 0.061

9.79 60 1.68± 0.76 5.0* 1.5 0.033

9.33 70 4.31 ±0.49 9.5± 0.8 0.063

9.98 70 5.70 ±0.63 11.7*1.0 0.075

10.14 110 3.48 ±0.74 8.9 ±1.3 0.055

10.31 70 5.40 ±0.85 12.1*1.3 0.073

10.46 80 6.75± 0.08 14.6*1.2 0.085

10.62 120 4.45± 0.78 1.1 11.9*1.3 0.056

10.92 70 3.9S± 0.73 3.1 13.0*1.3 0.069

11.04 70 3.39 ±0.76 3.7 12.7*1.4 0.067

11.20 70 2.41 ±0.66 3.8 11.1*1.6 0.057

11.28 70 4.28 ±1.15 5.3 16.3*2.2 0.032

11.38 70 4.48±0.73 6.8 17.9*1.3 0.088

11.42 70 6.88 ± 1.19 6.3 20.6*2.0 0.100

11.49 70 8.20± 0.66 8.0 25.7*1.1 0.124

11.34 70 8.20 ± 0.38 7.5 25.4*1.6 0.122

11.60 70 4.33± 0.57 3.6 19.6*1.2 0.095

11.66 70 6.28 ± 0.67 8.1 22.9*1.2 0.109

11.71 70 5.75± 0.80 7.7 21.8*1.4 0.101

11.78 70 6.05±0.80 10.7 25.0*1.5 0.116

11.32 70 4.50 ± 1.04 9.6 21.3*2.1 0.098

11.88 70 3.63± 1.08 9.5 19.5*2.4 0.089

11.92 70 l.S5± 0.87 9.9 16.2*1.7 0.073

11.98 70 1.55± 0.74 12.4 17.7*2.0 0.079

12.04 70 2.99 ±0.87 12.3 21.2* 1.6 0.093

12.09 70 3.33 ±0.97 10.2 19.9*2.4 0.088

12.16 70 4.60 ±1.08 11.6 24.3*2.3 0.105

12.23 70 l.S8± 0.81 13.0 19.4*2.1 0.083

12.35 70 2.05 ± 0.84 12.3 19.5* 2.2 0.082

12.42 70 5.71±0.94 14.0 29.4*1.8 0.122

12.47 70 5.91 ±1.14 14.4 30.0*2.3 0.124

12.54 80 1.85± 0.64 12.0 .

12.58 80 1.85± 0.81 10.2

12.66 80 1.38 ±0.57 8.6

12.74 30 1.28± 0.64

12.36 80 0.60 ±0.40

13.01 80 0.27 ±0.50

‘Assuming that
M Zr and

*JZr have equal cross sections below 8.68 MeV and that only NZr contributes above 3.63 MeV.
The listed errors include only the effects of the statistical uncertainty in the number of scattered y rays.

bThe photoproton cross sections were calculated from the graphs of the p,yt reaction in Refs. 19 and 20. An isotropic

angular distribution was assumed. The cross section in Ref. 20 was used to obtain an absolute scale for the data of Ref.

19 near 12-MeV excitation. In accordance with a private communication from Rauch, it was assumed that the detec-

tor used in Ref. 19 decreased in efficiency with increasing energy by 5% per MeV. Above 11.95 MeV, the photoproton

cross sections are averages of the precise, very good resolution data of Ref. 20 over 100-keV intervals; the relative

cross sections in this energy region should have negligible error. The reliability of the relative cross sections at lower

energy appears to be of the order of or less than 10%. For example, there are local maxima at about 11.36, 11.45, and

11.63 MeV which are about 10% and which appeared in both the 0 and 90* data of Ref. 19; on the other hand, the 0 and 90*

data differ from each other by about 10% in the energy range covered. The absolute cross section was estimated to hare

an uncertainty of 20% in Ref. 20. However, near 12.4 MeV, the absolute cross section of Ref. 21 (which is also estimat-

ed aa being correct to within 20%) is about 1.5 times the value given in Ref. 20.
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R.F. Barrett, J.R. Birkelund, B.J. Thomas, K.S. Lam, and H.H.

Nucl. Phys. A210 , 355 (1973)

method

Thies

C.U tM . 3 I

Zr 40

REF. NO.

73 Ba 20 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,N NOX THR- 27 C 10- 27 BF3-I 4PI

Fig. 15. Ratio aM!a„ versus atomic number A. Here aob, is the level density parameter taken from
the neutron resonance work of refs. *• 2

), and a„ is the level density parameter derived from the

present (y, n) work. Filled circles represent points where nuclei in the neutron resonance and in the

(‘A n) experiment were the same. Open circles represent points where the respective nuclei were
approximately matched. Triangles represent points which are based on measurement of neutron

mean energies at two bremsstrahlung energies only.

(over)
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Table 3 (continued)

Target N Goodness £„(24) T a, a.*, ‘ aobJa,
(residual offit 4

) (MeV)') (MeV) 4
) (MeV")*) (MeV-*)')

nucleus) •) no w j th

p.c. p.c.

Y 49 100% G G 1.30 14.9-’*Y 10.17-»°Y 0.68

Zr 49 52% F F 1.28 16.0-,0Zr 12.2 -*‘Zr 0.77

50 11%“
17%

53 17%
55 3%

Nb 51 100% F F 1.28 19.6-9,Nb 13.l5-**Nb 0.68

Mo 49 16% G G 1.27 16.5-,5Mo 14.7 -”Mo 0.89

51 9%
52 16%
53 17%
54 10%
55 24%
57 8%

Ag 59 51% V.P. F 1.27 0.55 18.6-' 07Ag 15.6l-‘°»Ag 0.84

61 49%

Cd 57 1% V.P. F L24 0.54 20.9-“*‘Cd 17.0 -,1,Cd 0.82

61 12%
62 13%
63 24%
64 12%
65 29%
67 8%

In 63 4% V.P. F 1.26 0.57 17.0-“*ln 16.66-* ,4In 0.98

65 96%

Sn 65 14% V.P. V.P. 1.38 0.73 14.5-“ *Sn 15.9 -l,,Sn 1.09

(Z = 50) 66 8%
67 24%
68 9%
69 33%
71 5%
73 6%

Sb 69 57% V.P. P 1.2 0.68 19.2-“'Sb 17.0 -,21Sb 0.89

71 43%

Te 69 2% V.P. F 1.36 0.83 15.0-“ 7Te 17.0 -,27Te 1.13

71 5%
72 7%
73 19%
75 32%
77 34%

I 73 100% F G 1.23 0.70 1 7.0

—

1 ZA
1 17.02-“®! 1.00

') Neutron numbers and abundances of respective residual nuclei in (y, n) experiments.
6
) These give an assessment of the goodness of fit of a calculated £„ versus E0 curve to the

observed data, using the Fermi gas level density formula b.>ih without and with pairing corrections.
c
) Bremsstrahlung photoneutron mean energies L a for peal- bremsstrahlung energy Ea = 24 MeV.

d
) Nuclear temperature from fit with constant-temperature formula.

*) Level density parameter av derived from the present n) experiment, using a Fermi gas

formula plus pairing correction, and corresponding residual nucleus (the atomic weight shown is

the weighted average of atomic weights of the respective isotopes present).

') As column 7, but using data on n-resonance absorption from refs.
, * s

).

*) Measurements of £„(£„) for these nuclei were made only for E0 — 21, 23 and 24 MeV.
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atF.
S. Costa, F. Ferrero, S. Ferroni, L. PasquaLLini and E. Silva

Istituto Nazionale di Fisica Nucleare - Sezione di Torino
Nuclear Phys. _72, 158 (1965)

METHOO

also
ELEM. SYM. A

Zr 89 40

65 Co l EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX THR - 70 C 12-70 ACT-

1

4PI

Measured isomer production ratio.

Spin cut off < 1.5

Table 1

Spins and half-lives of isomeric states

Target

nucleus

Spin of iso*

meric states

Half-life Modes of decay

(used for de-

tection)

Detection method

"K. 0* 0.95 sec dooy.i V-y fast-slow coincidence (resolving

time 0.2 and 2 /isec)

J = } 3* 7.7 min (> 99 %) y-y coincidence

MZr 4.3 min y (93 %)

/S
+ (1.7%)

Nal (well type) spectrometer cen-
tered on the 0.588 MeV y ray line

y-y coincidence

J = 0 !* 79 h P+ (30 %) y-y coincidence

"Mo 66 sec y (57 %)

(38 %)

Nal (well type) spectrometer cen-
tered on the 0.658 MeV y ray line

y-y coincidence

J = 0 f* 16 min (94 %) y-y coincidence

form NBS-418
(R EV. 7-1 4-04)
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Ref. P. Axel, J.D. Fox

Phys. Rev. 102, **-00 (1956)

Elem. Sym.

Zr 90

Ref. No.

56 Ax l

4o

Method
Betatron; Victoreen ionization in 8 cm Lucite; radioactivity

EGF

Reaction E or AE <7d E J it Notes

(Y,n) Bremss.
11.8-22.5

79 hour (ground state) E ,=11.78±0.09
MeV.

4.4 min (m. s.
)

,

E
h
= 12.37±0.09 MeV.

Figure 7 : Work based on separation of

915 keV 7 (79 hour) from 588 keV
(4.4 min). Rise in "c" above 18.5
MeV probably comes from Zr91(y, 2n) Zr^9
ground state.

Zr?? - 51-5%
Zr';

1
- 11.2$

Zr
94

" 17.
IfZr%t - 17.4$

Zr96 - 2.8$

Frc. 7. Relative cross sections. Curve A is the cross section for
the formation of the 79-hour activity. Curve B the formation cross
section of the 4.4-minute activity, .and Curve C the direct pro-
duction cross section of the 79-hour activity.
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18- 1-631
USCOMM-OC 1 8836-P63

PHOTONUCLEAR DATA SHEET 325

u.s. department of commerce
NATIONAL BUREAU OF STANDARDS



Kef. P.F. Yergin, B.P. Fabricand
Phys. Rev. ,104, 1-334 (1956)

Elem. Sym.

Zr 90 4o

Methou
2k MeV betatron; 250r Victoreen in 3.75 cm Lucite; neutron detector

Ref. No.

56 Ye 2 EGF

Reaction E or AE
S
O d E

“53

j

=0.98 MeV-b
' 0

J tt Note*

Zr90 (Y,xn)
Bremss,

24
15.8 4.3 MeV

I

1M1—1—1
1 i 1 1 i r

F(C. 5. Cross sections for the (y,n) reactions in zirconium

isotopes. Short dashes Zr“, lone; dashes Zr11
,
full curve ZrM . The

previously published ZrM and Zr“ results have been recomputed,
taking into account the present Zr91 measurements. The single

and double slash marks on each curve represent the locations of

the (y,p») and (y,2n) thresholds respectively. The units of the

ordinate are 10
-*1 cm*.

Table III. Parameters of giant-resonance cross-section curves
for reactions in nuclei near 50 neutrons. Nuclides -;.'v»

:s
,

4iNbM , and iiRh,a from reference 4, .oZr" and <oZril from reference

5 recomputed in present work. Neutron number is shown in

column 2, location of peak cross-section value in column 5. peak
cross-section value in column 4, half-height width of curve in

column 5, and area under curve from threshold to 23 Mev in

column 6.

Nuclide X
r.m

(Mev)
•Tm

(millibams)
r

(Mev) (Mcv.;;.rn»)

ajAs7‘ 42 17.3 90.3 9.0 0.80
jiSr“ 43 15.9 160 5.0 0.92

uSr» 49 15.8 146 5.3 1.00
wbr 8* SO 16.3 201 4.0 1.05

j»YM 50 16.3 191 3.8 0.s7

.oZr» 50 15.8 199 4.3 0.95

«oZr91 51 16.5 200 5.0 1.22

4oZrsl 52 16.9 193 5.5 1.24

4iNbu 52 17.0 195 6.8 1.46

,*Rh‘“ 58 16.5 205 8.9 1.94

fOBM NBS-413

uucomm-oc laose-osa

PHOTONUCLEAR DATA SHEET 326
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Ref. N. Mutsuro, Y. Ohnuki, K. Sato, M. Kimura

J. Phys. Soc. Japan 16^9 (1959)

Elem. Sym.

Zr 90 ko

Ref1

. No.

59 Mu 2

Method Betatron; neutron yield; radioactivity; r- chamber

NVB

Reaction E or AE
S*

dE J tt Notes

Zr
90^) Bremss.

12-25 16.8 2.9 MeV

Fig. 3-1. Activation curve near threshold for

Zr“(r. n)Zr"».

Fig. 4-1. Activation curve for Zr,JU
(^, n;Zr‘w,».

I
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Ref. R. Nathans, P.F. Yergin
Phys. Rev. ^8, 1296 (1955)

Elem. Sym.

Zr 90 4o

Ref. No.

59 Na 1

Method BF^ counters; 24 MeV Bremss.; Betatron
EGF

Reaction E or AE <7 d E J rt Notes

(T>xn) 5.0-24 16.0 4.1 0.89 MeV-mb E ,
= 12.2 MeV; a - 18.5 mb.th max '

No Corrections.

[NOTE: Figure 5 :

Ref 8: Katz, Baker, Montalbetti,
Can j. Phys. ^1, 250 (1953).]

Fic. 3. (7 ,n) cross sections for Zra and Zr* 1
. The ordinate scale

is in millibarns (
10~

*

T cm1
). The points shown are those calculated

from the yield data. The solid curves are drawn to lit the points.

The dashed curve is the cross section reported (see reference 8 )

for the production of the isomeric state of Zr *9 by photon bom-
bardment of natural Zr. The locations of the thresholds for various

reactions in the two isotopes are indicated by the arrows.
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ac;'. J.II. Carver, G.E. Coote, T.R. Sherwood
Nuclear Phys. 2L, k.L.9 (1962)

Elem. Sym.

Z.T 90 ko

Method
30 MeV electron synchrotron; activation; Nal

kef. No.

62 Ca 1 JHH

Reaction E or AE ad E J it Note*

„ 90 \ Bremss.
Zr^ (Y,nj|

30

table i

Igoaerlc aatioi from (T.n) reactions

Roaldual Nucleus Ijccujr ratio

J
Ground state Notastable state

V* '*-*

t 3?l±

- 7./(r, * t
2
)

e

Zfoeleue Spin |ndLr-l.Lf# Spin Half-life

7/2* a"
1

71.34 9.Zh f 0. 44 - 0.02 3.2 ±0..

oJs 0” 0.” i/a"i 82n 7/a* 49. 1 0.48 *0.07 a.»±o.‘

Sr" 3/2" Br
90

1* 1 18a 5"

|

0.32 0.02 6.

5

± 1.1

Sr
94 0* ST

95
9/a" 64d i/a- 70a

j

7/2"
:

0. 36 - 0.07 2.2 *0..

Sr3° 0* *,*» 9/2*1 79s i/a- 4-40
i

i 0.53 ±0.10 2.8 ±0.7

*.» 0 Uc91 9/a"! 15.7c 1/2* 66a
1

. 3.46-0.04 •:i
A.’* I/s' A,’

04
T*

1

24a 6 s.34 ; 0.24 0.22 2.0 ±0.3

u' 1* 9/2* In’
12

1
*

! 14.3a 4
*

ao. 7.
|

j

0.8 -0.1 3.1 ±<M

a"6 0* «*"» ^/^
¥

\
!3h i,/a- 454 I g 0.2 £ 9

u'« 0* =.’ 59
; 3/2"! 140d 11/2* 55s

1

1

,
0.08-0.01 2.5 ±0.2

!
a.

1" 0* in,
1*

...

1/2“'

J

65h 13/2" 24k ' 3/2"
• ;/2

)

0 . 05 - 0.01 3.4 ±0.5

Previous_jrark

a^T3/2" Br
90 r

:!
ion 1 5

-

.

9-e
2" 0.33 ' <.5

0* a.
91

i V2-|
j

18d 7/2*; 570
1

C.5 3.0

*9°’
’I

0* !ar
9’ ! 9/2* 1 79h ’/*-; i ;a

I

44-0.06
j

4.5*1

Ia
"525)

9/2*
j

Im" 4 '1

!

w- 5
*

50d e o.a?
!

5-°

The yields, T
1
and are for (Y»&) reaction crdtnc in the laoserlo - or

grand - state. The yield Y
1

is for the aigftcr-'ptn ct-tc

1)

2 )

3)

4)

5)

6)

7)

8)

9)

10)

11 )

12 )

13)

U)

15)

16)

17)

18)

19)

20 )

21)

22 )

23)
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Ref-P.Axel, K.Min, N. Stein, D.C. Sutton

Phys. Rev. Letters 10, 299 (1963)

Method Betatron; bremsstrahlung monochromator; photon scattering;

Nal spectrometer

Elem. Sym.

Zr

Ref. No.

63Axl

90 40

Reaction E or A E a d E
J rt Notes

Zr*W)
9.1

10.4

11.5 ( 500 KeV)

Quasi-elastic scattering - poor

resolution of photon detector did

not separate high-energy inelastic

scattering from elastic scattering.

Fig.: 135°-quasi elastic cross

section.

Optical model considered.

Natural target - assumes all
90

scattering from Zr .

form NBS-418
( 8 - 1 -63 )

USCOMM-OC 183S6-P03
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REF.

J. L. Black and N. W. Tanner
Phys. Letters _U, 135 (1964)

ELEM. SYM.

Zr 90 40

METHOO

Tandem; Y (p,yQ
)Zr

REF. NO.

64 B1 2 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P»C RLX 13-17 D 5-9 NAI-D DST

(5.5 - 8.5)

ANALOGUE T =

Fig. 2. Angular distributions of Y89
(p,y jZr 9®.

Upper: Measured at the peak of the 6.IS MeV reso-
nance. Lower: Measured at the peak of the 8.04 MeV
resonance. The full curves are plots of the Legendre

polynomial fits given on the figure.

**yW_
<r r
I I in in

T r C T
II II II II 1! 1 II II

w
T T
l l

r fII II
r
i

f
1

Fig. la. Upper; Energy levels of Y90 from Y89(d,p)Y90 .

The energy scale has been adjusted so that the ground
state corresponds to the 4.82 MeV bombarding energy
resonance seen in Y89 ft>,n)Zr89 . Middle: Sharp reso-
nances observed In Y89(p,p)Y89 and Y89(p,n)Zr89 .

Lower: Sharp resonances observed in Y89
(p, YojZr90 .

The energy scale for the three sections is the same as

the energy scale for the main diagram, lb. Excitation

function measured at 90° for the Y89
(p, Yo)Zr

90 reaction.

Resolution 20 keV. lc. Excitation function measured at
90° with ISO keV resolution.

6.15 MeV W(9)

8.04 MeV W(9)

1 -(0.05 ± .03) Pj. (Cos e)

1 +(0.04 ± 0.04) ?! (Cos 9) -(0.68 + .04) P3 (Cos 9)

form NBS-418
(REV. 7-14-64)
USC OMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 331

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



REF
J. Black, M. M. Islam, G. A. Jones, G. C. Morrison and R. B. Taylor
Conference on Isobaric Spin (1966)

ELEM. SYM.

Zr

A

90

z

40

METHOO REF. NO.

66 Bi 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G RLY 14-17 D 5-9 NAI-D DST

EXCITATION ENERGY IN Zf
90

(M*V)

14.0 14.5 ISO 15.5 160 16.5
i i i i i

:

—

i

6.0 6.5 7.0 7.5 0.0

PROTON ENERGY (M«V)

Fig. 1. Excitation function for the reaction

^89(p»Y0)Zr^°

.

Pi8» 2. Upper: Angular distribution of resonanoe at

6.15 MeV in YS9(p,Y0 ); Lower: Angular distribution of
resonance at 8.04 MeV in Y8^(p J yo ).

W(e) - 1 - (0.05 £ 0.03)?! + (0.03 £ 0.04)P
2
for the

6.15 MeV resonance and

W(0) - 1 + (0.04 + 0.04)P
1 - (0.68 + 0.04)

P

2
for the

8.04 MeV resonance.
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S. C. Fultz, R. L. Bramblett, B. L. Berman,

and M. A. Kelly
Proc. Gatlinburg Conference 397 (1966)

METHOO

J. T. Caldwell ELEM. SYM.

Zr 90

REF. NO.

40

66 Fu 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE ETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,XN ABI THR- 28 D THR- 28 BF3-I 4PI

G,2N ABI THR- 28 D THR- 23 BF3-I 4PI

TABLE l

Integrated Cross Sections for Zirconium and Yttrium

Isotope

a 3 hat dE
(MeV - barns)

E„„

(MeV - barns) b/a
Etna*

(MeV)

”Zr 0.980 0.108 0.110 28M
Zr 1.078 0.202 0.187 30

"Zr 1.098 0.447 0.408 28M
Zr 1.041 0.577 0.554 30

**Y 0.991 0.095 0.096 28

form NBS-418
(R E V . 7-1 4>64l
USCOMM-DC 26 010- PA

4
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REF. EL EM. SYM. A Z

E. Obst, F. Rauch and E. Rossle
Phys. Letters 21, 50 (1966) Zr 90 40

METHOD REF. NO.

66 Ob 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G RLX 11 - 14 D 2-6 NAI-D 0 - 14 0,90

E
o 3. 5-6.

5

FORM N8S-418
(REV. 7- 1 4» 04)
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P. Axel, D. M. Drake, S. Whetstone and S. S. Hanna
Phys. Rev. Letters J^, 1343 (1967)

ELEM. SYM.

Zr 90

METHOO REF. NO.

67 Ax 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 14-25 D 5-17 NAI-D 10-24 90

FIG. 1. Differential cross section of process ®*Y[p,

y0 )
NZr at 90*. The errors shown are statistical. Be-

cause of some uncertainty in the gamma-detector ef-

ficiency, absolute values are good probably to with-

in 35%.

foam NBS-418
(REV. 7-14-04)
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RCF
' B.L. Berman, J.T. Caldwell, R.R. Harvey, M.A. Kelly, R. L. Bramblett,

and S.C. Fulcz
Phys. Rev. 162, 1098 (1967)

EL EM. SYM.

Zr

A

90

z

40

METHOO REF. NO.

67 Be 2 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX THR-28 D THR-28 BF3-I 4 PI

G,2N S ABX THR-28 D THR-28 BF3-I 4PI

Tabl* IV. Integrated cross sections.

Nucleus

FI..C(>.")+ (>.£")]

(McV-h)* (McV-li)*

/*•>mu
(MeV)

v\„\(y,2n)

total)*

( )r)Fmr
(McV-b)

0.0(,XZ/A

(McV-lt)

Y» 0.94 0.10 28 0.10 1.14 l_3l

Zr* 0.96 0.10 28 0.09 1.16 1-33

Zr" 0.88 0.20 30 0.19 1.22 1-35

Zr* 0.65 0.45 28 0.41 1.23 1-36

Zr" 0.43 0.58 30 0.56* 1J2 1-38

• All measured Integrated cross-section values are given (or an energy region from threshold to £,«. For the Zr* and Zr* cases, it was necessary to

extrapolate the low-energy part ot the total photoneutron cross section down to threshold: the error introduced in this process, however. Is less than 0.5%.
• The word "total" in this table refers to the total pbotoneutron cross section »(Cv.«> +(y,pn) +(v.2») -KtJr)]. and excludes the (7.7) and (7.x

cross sections.
• This value includes the contribution of which equals 0.03 MeV-b from threshold to 30 MeV.

Imo. 9 (a) Total phntnnuulrnn cross section for /.r'°. The dashed
curve it the theoretical prediction of a shell-model calculation by
Shilikova and co-workers, (Refs. 13 and 14) normalized both in

energy and in cross section to the present data. The predicted giant
resonance is too broad, and falls ou too rapidly at high energies.
Balashov and Yadrovsky (Ref. 15) also have done a particle-hole
calculation for Zr", but here the giant resonance occurs at too low
an energy (=s!5 MeV). The (*•,«) and (y,2n) thresholds are taken
from the data, (b) Single photoncutron cross section for Zr".
(c) The (y,2n

)

cross section for Zr". The threshold determination
of 21-3±0.1 MeV determines the mass of Zr** (see text).
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REF
- E. Obst, F. Rauch and H. G. Wahsweiler

Nucl. Phvs. A103 . 17 (1967)

EL EM. SYM.

Zr 90 40

METHOD REF. NO.

67 Ob 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 12-13 D 4-5 NAI-D 2.13 0

Table 1

Cross-section values

Oi Bi (El)

B, (El)

v

%

1 1

Vi 0.3 ±0.1 0.45 ±0.15

Yt 1.0 ±0.2 1.75 ±0.35

Fig. 5. Excitation curves of the transitions •/,, */,, ylt and yt -ry,-ry7 .

form N8S-418
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ref. K. Shoda, M. Sugawara, T. Saito, and H. Miyase
Phys. Letters 23B , 30 (1968).

EL EM. SVM.

Zr 90 40

METHOO REF. NO.

68 Sh 4 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,P SPC 11-20 D 20 MAG-D 3-12 90

ANALOGUE STATES

Fig. 1. Photoproton cross section for 90Zr calculated
from the energy distribution of the Ee = 20.0 MeV bom-
bardment. The scale was constructed under the assump-
tion that observed protons correspond to ground-state
transitions. The triangles show the energy resolution.
The solid curve is the (y.po) cross section calculated

from the (p,yo) data.

form NBS-418
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REF. ZG. P. Antropov, I. E. Mitrofanov, A. I. Prokof'ev and V. S. Russkikh
Izv. Akad. Nauk Fiz. 21 ,

700 (1969)
Bull. Acad. Sci. USSR-Phys. 21 , 645 C 3-969)

MFTHOO

|

ELEM. SYM. I A

Zr

,

RE r
. NO.

I

I

90 40

69 An 7 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

G,XN ABX 12-23 C 12-23 BF3-I 4PI

Fig.l. Cross section for the (7»n) reaction
in 90Zr (a) and 91-Zr (b) . The points and

the dashed curve are experimental; . the full

curve is the sum of two Loren tz curves

.

Table 1

Nuel.u* 0.05 NZ/A.
22,S M«V,

$
8 (£} dB.

r«*p,
U « V

8_J0,0022Sa“A

"

*®Zr 1,33 1.27 4.0 0,91

»‘Zr 1,35 1,42 4.2 1,02

Table 2

J*i»el •« i 8n 8«* r„ MaV
r,.

MaV £,. MaV E„ MaV

"Zr 175 120 2.3 1.7 16.5 ' 7 .7

»»Zr 200 135 2,75 2 16.0 18
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C. K. Bockelman, T. H. Curtiss, R. A. Eisenstein, D. W. Madsen

Contributions Montreal Conference 132 (1969)

METHOO

REACTION RESULT EXCITATION
ENERGY

SOURCE

E,E/ FMF 2-4 58 MAG-D

(2.18,2.74,3.82 )

INELASTIC ELECTRON SCATTERING EROM
W

Zr

'

C.K. Bockelman, T.H. Curtiss, R.A. Eisenstein and D.U. Madsen . Electron Accelerator Laboratory,

Yale University, New Haven, Connecticut, U.S.A. and J.B. Bellicard and P. Leconte . Service da

Fhyaique Nucleaire i Haute Enargie, Centra d'Etudaa NucKaires de Saclay, France.

C.L C.M. H».

Zr 90 40

REF. NO.

69 Bo 2 egf

DETECTOR
ANGLE

50-58 DST

271s 3.84 HEV

Ue have atudied the collective etatee of zirconium-90 with the 70 MaV Linaac of the Yale

Univereity. At low energy euch measurements determine by an unique way the reduced tranaition
90

probabilitiee. For Zr thaea B(EL) valuaa may be compared with thoae given by the R.F.A. des-

cription of vibration for even iaotonae (Gillat at al., Fhys. Letters 27B (1968) 483). Me have
90

carried out meaeurementa on an enriched target of Zr using 58 MeV electrons. The momentum

transfer varied from 0.3 to 0.6 fm. The total energy resolution was 120 kaV. The prominent peaks

' at 2.18, 2.74 and 3.84 MeV are known to be 2*, 3 and 2* respectively.

At high Z, we must use a diatortad wave calculation to analyse our inelaseic data, we have

choeen the GBROW coda (D.S. Onlay, Phye. Rev. I34B (1964) 945). This code assumes an hydrodyna-

mical model for the nucleus. For an EL cranaition, the transition charge density ^ r^
_1

t)(t)

contains tha derivative of the static charge

denaity deecribad by the Fermi model. At low

energy absolute Zr elastic static measuresients

have given us the value of the r.m.s. radius

of a(r). Starting from this r.m.a. value

<r
2
>

1 ^ 2
• (4.12 ± 0.05) fm, we may chooae tha

values c • 4.66 fm and t • 2.34 fm to compute

8(EL) s.p. units

n
(MeV) 2 Q.P . 2 Q.P. core Experiment

2* 2.18 1.35 1 1 71 6.8 c 1

T 2.74 4.35 16.9 32 t 4

the inelastic cross-sections.

Figure 2 is a plot of °/a
Moet

ys qj for 2*

levels at 2.18 and 3.84 MaV. Tha solid curves

are a theoretical calculation using the GBROW

code with the indicated parameters. These sta-

tes are not very collective as may be shown

from their B(E2) values. Figure 3 shows the

fit for the 3 state at 2.74 MaV. The collec-

tive character of this level is emphasized

The comparison with the R.P.A. description
given_by Gillee is shown on the cable. For
the 3 stace Che Inclusion of the particle
hole core polarization has increased Che
B(EL) by an order of magnitude. This help
to account for the experiment although the-
re is still a discrepancy by a factor two
which may noc be serious because the B(EL)
depend strongly on the detail shape of the
transition charge density. However, for the
2*. the discrepancy is much more important.
Thus it is seen chat the particle hole core
excitation model may account for the odd
parity state colleccivicy ; however ic seems

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



M. Hasinoff, G. A. Fisher, H. M. Kuan and S. S. Hanna

Phys. Letters 3QB , 337 (1969)

C. k_ Z.M . j I n,

Zr 99

REF. NO.

69 Ha 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G RLX 16-22 D 7-14 NAI-D 10-22 DST

E.IMeVI

are shown as vertical lines whose heights are propor-
tional to Fy

0. The 2nd. 4th, 5th. 6th. and 7th lines have
been suppressed by a factor of 3.

form NBS-418
(REV. 7-1 4.441
U3COMM.OC J40I0-P44

"YfP.r.)'
0
Zr

Fig. 2. Angular distributions in y9Y(p.yo)
90Zr at several energies on and off the resonances of fig. 1 . The listed

energies are values of Ep.
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«tr.

W. M. Mason, G. Kernel, J. L. Black and N. W. Tanner
Nucl. Phys. A135, 193 (1969)

ELEM. SYM.

Zr

A

90

z

40

method

Page 1 of 3

REF. NO.

69 Ma 4 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 10-27 D 2-19 NAI-D 10-27 DST

Eiolotio* energy m •• 2r|MeV|

n « n 'i 15 16 17 n
T 1 1 1 1

i
, r

Sec l.q 1

E. ! M*>

.

Fig. 2. The excitation function for the reaction •’YEp, y0 )
,0Zr measured at ft — 90 with an energy

resolution of 150 to 200 keV.

FORM N8S-418
(REV. 7.1 4-S4I
USCOMM-OC 260 10-P04

113 117 116

EiciIiIm e««gy m Zr (MtVl

ns ni 17 o 17 7 17 6 17 6 176

8 = 50* |15cm i12 Scm Ha 1 crystal

)

6= 0* (Wcmi 10 cm Hal crystal)

15
-

| |-

1 I

A

i\ A. A
\ V i v ••

.WV

i

••*!ss /*% !

V -1

Ste tig i

_L _L
21 30 12 34 36 30 60 42 46

E • t MeVl

Fig. 3. The excitation functions for the reaction a,Y(p, y0 )',0Zr measured at ft = 90° and ft = 0°

with an energy resolution of 25 keV. The curves are not normalized to one another.
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Page 2 of 3

Sf^n
The“i0n fUnCti°n f°r ‘he reaCtion "Y(P.yo)’«Zr measured at » = 90° with the 24cmx30 cm NaI(TI) crystal. Points measured by Axel « al. •) have been included but scaled by a

factor 5.3/14.

P. Axel, D. M. Drake, S. Whetstone and S. S. Hanna, Phys. Rev. Lett. 19
(1967) 1343

The excitation functions for the reaction **Y(p. y0 )
90Zr measured at & = 0° and ft

— 90°

with an energy resolution of 2 keV.

343



Proto* *nrir l*e«|

Fig. 9. Combined lower and higher energy excitation functions at d — 90° with inclusion of some data

from refs.
*• ,0

). The cross section is normalized to the values given in the text. For the energy regions

E„ = 6.5-7.8 MeV and E9 = 8.6-9 MeV, the data from the 150 keV excitation function (fig. 2)

were used.
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J. L. Black and N. W. Tanner, Phys. Lett. U.

(1964) 135
10

E. Obst, F. Rauch and E. Rossle, Phys. Lett.

(1966) 50 >

E. Obst, F. Rauch and H. G. Wahsweiler, Nucl

Phys. A103 (1967) 17

2L
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Fig. 7. Three point “angular distributions” for the energy region £, = 9-19 MeV.



S. Ramchandran and J.. A. McIntyre

Phys. Rev. J72, U53 (1969) Zr 90 40

METHOD

69 Ra 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,G LFT 9 D 9 NAI DST

W(9) ~ [l + a P5 (cos0)]
9 = 3.496 >EV

'ORM NBS-418
IR CV. 7-1 A.«A>
U3COMM.OC 2»0t0-P«« PHOTONUCLEAR DATA SHEET 345
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K. Shoda, M. Sugawara, T. Saito, and H. Miyase

Phys. R.ev. Letters 2^, 200 (L969)
Zr 90

METHOD REF. HO.

69 Sh 5 hmg

reaction RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

_£iL ABX 12-23 16-24 MAG-D

FIG. 2. (y,Pt> and (y,pt+pj> cross sections of ,#Zr.

The vertical lines show the theoretical radiative widths

of the IAS from Ref. 6. The smooth curve is an aver-
aging of them (see Ref. 6).

Assumption is made that photo proton
emission leaves the residual nucleus
in the ground state.

*T. A. Hughes and S. Fallieroa, private communica-

tion.

form NBS-418
(R EV. 7-1 4- 64)
USC OMM-OC 26010-P64
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REF.

METHOD

ELEM. SYM. A

K. Shoda, M. Sugawara, T. Salto & H. Miyase
P1CNS-69 Proceedings of the Conference on Nuclear Isospin.

Asilomar-Pacif ic Grove, California 1969 (Academic Press,
Zr

New York & London 1969 ) p. 125.
REF. NO.

Z

90 40

69 Sh 6 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.P ABX 12-22 D 16-23 MAG-D DST

Table 1. Angular distributions of strong
proton groups on ^°Zr.

E
,

P
(MeV)

r
(MeV)

E
ex

(MeV)

V (0)

6.0 0 14.4 1 + ( 0.1+0.1)P
1
-(0.2+0.2)P

2

6.4 l.S 16.3 1 + ( 0.1+0.l)P
1
-(l.2+0.2)P

2

7.9 0 16.3 1 + ( 0.02+0. 06)

P

1
-(0. 6+0. 1)P

2

N e

N„

V

IVa

S.

Sr

Ee = 30 MeV

V*

0 2 4 6 3 10 12 14

£ ^
I

Ee •= 20 MeV

2 4 5

<V
•
fv

• ''>w

10 12 14

"Zr

Ee- 20 M«v

0 2 4 6 3 10 12 14

N
«i 7*

/* *44 Mo

Ee=20 MeV

C 2 4 6 3 10 12 14

E 0 (MeV)

Fig. 1. Energy distributions of photoprotons.
Vertical broken lines and solid lines
indicate the position of p Q corres-
ponding to the ground IAS and electric
dipole IAS ( 2 -

\

) respectively.
(over)

form N3S«418
(R EV. 7-1 4-641
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CROSS

SECTIONS

(mb)

(

Fig. 2.

20

W.P
}
>

" ...
• • •• V •

*•
* : .s

20

12 ’4 16 18 20 22

.. (T.Pj)

xV''Vv,,vs

12 14 16 18 20 22

Cross sections for (Y,p 0 ). °f
90Zr. Those of (T,Po> obtained fro*
8 9y( p ,lr 0 ) 9°Zr experiment ( 3.5.6 ) are
also shown.

Table 2. The radiative width of main IAS.

The result is compared with the
single particle unit (W.u. ).

Nucleus I

(MeV)

S
ex

(MeV)
Vr r

yo
(ev)

2 (t + i)r
.(w.u.)

>0

7 -\ • 14.0 23/5C(a) 60 0.2
14.4 l8/6C(a) 90 0.3

^ ^
r 14.4 1 (b) 30 0.09

9°zr 6.4
'

• y
16.3 l/l. 4 (i) ODO 0.4

(a) I. 3. Cosman, J. M. Joyce and S* M. Shafroth,
Nucl. Fnys. A108 519 (1968).

(b) Assumption.

(c) From present data.

(*) The possibility of such method of determination of ^

Is also suggested by G. M. Temmer (ip).

^J.L. Black et al. ,Phys. Lett. jA, 135 (1964).

^E. Obst et al. , Phys. Lett. _21, 50 (1966).

^P. Axel et al. , Phys. Rev. Lett. 1£, 1343 (1967).
1(
^G.M. Temmer, Fundamentals In Nuclear Theory ,

International Atomic Energy Agency, Vienna p.237 ('67).
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«£r.

J. Bellicard, P. Leconte, T. H. Curtis,

D. Madsen and C. Bockelraan

Nucl. Phys. A 143 < 213 (1970)

METHOD

R. A. Eisenstein,

Zr 90 40

REF. NO.

70 Be 2 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

E.E/ ABX 0-4 D 42-61 MAG-D 38-61 DST

Fig. 2. Values of half-density radius e and skin thickness t consistent with the experimental results

lie » ithin the cross-hatched area. The solid line locates the best fit (minimum x*), and the dashed line

corresponds to a fixed rms radius of 4.12 fm.

Tabu 3

Inelastic scattering results

S(ELf)
(«* • fm*L)

B(ELf)
(s.p.u.)

n
(eV)

**«

(fm*)

xVff

2.18 MeV, 2*

hydrodynamical model 830±19 6.9 6.60- 10-* 32.5 9.7/6

single-particle model 1000±23 8.3 8.0 • 10~* 34.4 9.7/6

2.74 MeV 3“

hydrodynamical model (1.08 ±0.03)- 10* 32 6.71 • 10-* 37.7 23/5

3.34 MeV, 2

hydrodynamical model 244±9 2.0 3.29 • 10-* 32.5 13/5

Tabu 4

Electromagnetic strengths in ,0Zr (s.p.u.)

(MeV)
Jr Present

experiment

Coulomb
excitation *•)

(«, «') **) (P. Pi
,4

> Theory **)

2.18 2* 6.9± 1.4 3.5 ±1.3 5.7 ±1.7 3.6 1.7

2.74 3- 32 ±6.4 20.0±1.6 19 17

3.84 2* 2.0±0.4 1.5 ±0.5 2.3

[over

j

FORM NBS-418
IR EV. 7-1 4-441
USCOMM-OC 2S0I0-P84 PHOTONUCLEAR DATA SHEET 350
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10
-3

6xl0

b
"V

b

3 xlO*

z ,
90

2.18 MeV 2
*

Level

0.1 0.2 0.3 0.4

q T (fm
')

O.S 0.6

Fig. 3. Inelastic scattering cross sections for excitation of 2.13 MeV level plotted versus momentum
transfer. The solid line is the theoretical fit.

Fig. 4. Inelastic scattering cross sections for excitation of the 2.74 MeV level plotted versus momentum
transfer. The solid line is the theoretical fit.

351



ref.

METHOD

B.I. Goryachev, B.S. Ishkhanov, and V.G. Shevchenko
Proceedings of the Second Symposium on the Problems

of Nuclear Physics, Novosibirsk, USSR, June 1970

(Kolybasov, V.M. , Ed., Izdatel'stvo Nauka, Moscow 1971),

pp. 362-78 Zr

REF. MO.

Z

90 40

71 Go 3 egf

REACTION RESULT
excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE HANOI

G.XN ABX 12- 28 C 12- 28 MOD-I 4PI

FORM N3S-418
REV. 1 4-64)
USCOMM-OC 26010-P64

(over)
U.S. DEPARTMENT c c CO -.IMF PC;

NATIONAL BLREAlC 1 S •'

PHOTONUCLEAR DATA SHEET 352



T a 6 ji h a a 2

Zr
90 Pb

i0t

£»(M3b)
inf ( FA 33*

7m MOH)
Inl

a m (%)

7,65 19,5 0,56

8,06 12,63 0,38

8.38 16,56 0,47

8,78 18,61 0,53

9,03 33,4 0,96

9,40 34,2 0,98

9,81 71.1 2,04

10,29 72,2 2,07

10,62 63,8 1,83

10,93 78,6 2,20

1 1 *24 145,0 4,15

11,76 247 7,10

12,4 12,3 265 7,61

12,6 12,84 33 r 9,5

13,1 13,25 344 9,87

13,7 13,78 214 6,14

14,2 14,08 318 9,06

14,6 14,66 245 7,03

14,9 15,13 210 6,02

15,3 15,73 88 2,52

15,3 16,40 114 3,26

16,5 17,13 98 2,81

16,9 17,95 150 4,30

17,3 18,78 78 2,24

18,6 19,52 88 2,52

19.3

21.3

22,0
22,8

23,5

24,2

(23,5)

27,8

20,83 135 3,87
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ELEM. SYM Z
B. S. Ishkhanov, I.M. Kapitonov, I.M. Piskarev, 0. P.

Yad. Fiz. 14, 27 (1971)
Sov. J. Nucl. Phys. 14, 16 (1972)

METHOD

Shevchenko

Zr

REF. NO.

90 40

71 Is 2 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.XN ABX 12-28 C 1 2- 28 BF3-I 4 PI

RttCtMl

Location of

I4SOA4A04

P«4k

Cron action

el th« peak

1

Resonance
wuith r
SUV

| Integrated

|

ctom section

^ maa
!

/etExlE,

mb-MeV

maa*
MeV

11
Source of

|

date

168 laO 4.8 1170 28
i

[*!

ISO tas 4.1 a90 •4 ! M
160 300 17 960 28 Present

1 work

16.8 ISO 4S 960 26 '•I

16.0 190 2.7 14O0 26 ' M
140 2u0 17 900

,

no
;

100

25

26

28

• Present

|
work

i*I

Present

work

* \

* *

is

FIG. I. Cross section for the reaction Zrw (7, Tn).

\
•V
i !»*

i
• '•j*

i ^ \jftf
1 y f • 0 ~

.Vi,

«r
"

'#

to u /f
E
y . MeV

FORM N3S-418
(R EV. 7-1 4-64)
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^ c. r .
(

-u C.R* . o r M.

A. Lepretre, H. Beil,

Nucl. Phys. A175, 609

R. Bergere, P. Carlos,

(1971)

and A. Veyssiere

Zr 90 40

METHOO REF. NO.

71 Le 1 egf

RESULT
EXCITATION SOURCE OETECTOR

REACTION ENERGY TYPE RANGE TYPE R AN GE
ANGLE

G ,N ABX 12-26 D 12-26 MOD-

1

4 PI

G,2N ABX 21-26 D 12-26 MOD-

1

4PI

PRRTIRL CROSS SECTION OF ZIRCONIUM 90

Tabu 1

Lorentz line parameters corresponding to fits shown in fig. 6.

Rb Sr MY *°Zr ,3Nb

<7 1 (mb) 192 = 10 207 ±10 225 ±10 211 ±10 202 ±10

(MeV) 4.1 - 0.15 4.2± 0.1 4.1 ± 0.1 4.0 ± 0.1 4.7± 0.2

£, (MeV) 16.:.'- 0.05 I6.7± 0.05 16.7± 0.05 16.65 ± 0.05 1 6.5± 0.05

Tabu 3

Integrated cross sections (the notation used is defined in the text)

Rb Sr **Y •°Zr ,JNb

<r, (MeV • b) 1.14 ±0.06 1.42 ±0.07 1.36 ±0.07 1.26 ±0.07 1.33-0.07

<7«

0.06 NZA~ l
0.91 5 ±0.05 1.09 ±0.05 1.04 ±0.05 0.95 ±0.05 0.97 ±0.05

<7 _, (mb) 67±4 80 ±5 77 ±5 71 ±5 79 ±5

(mb - MeV) 4 ±0.2 4.6 ±0.2 4.4 ±0.2 4 ±0.2 4.8 ±0.2
(over

)

Em (M.V) 24 27 27 26 24

355
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total photo ncutwh cwss.«ct ions

E (K»V»

Fin. 6. Total photoncutron cross sections rrr of Rb, Sr, **Y, ,0Zr and "’Nb an«l best one Lorenti!

line fit corresponding to parameters given in table I.
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REF.

METHOD

C.J. Urabarger, D.A. Close, W.L. Sievers, and R.C.
Phys. Rev. £2, 199 (1971)

Bearse ELEM. SYM.

Zr 90

REF. NO.

71 Urn 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P«G ABX 9-10 D 2-3 SCD-D o

(2. 3-3.0)

The '®Sr(p, y)
s*Y and '*Y(p,y)

,#Zr reactions have been Investigated In the energy range Ep
*2J to 3.0 MeV. Excitation functions for the transition to the ground state, with a total reso-
lution of 2 keV, were determined for each reaction over this energy region. Using thick tar-
gets and both a single Ge(Ll) detector and a Ge(Ll) detector Incorporated into a pair spectrom-
eter, total summed spectra for the 700-keV region were obtained. The average total cross
section of ®*Sr(p, yo)

MY and ®*Y(p, ya)
,0Zr was 12±5pband 17 ± 7»ib, respectively. These

total summed spectra, which represent the total y-ray yield in this region, have been exam-
ined for a possible dependence of the Intensity on the Jw

of the final state. The data suggest
such a ./-dependence hypothesis, but detailed theoretical analysis of the 8

®Sr(p, y)**Y reaction
does not completely agree with experiment. A spectrum from a Ge(Ll) detector in coinci-
dence with a NaI(Tl) detector was accumulated for the

*,
Sr(p,y) ,*Y reaction. The decay

scheme of the states of **Y up to an excitation energy of 3.621 MeV was determined and the
Implications about spins and parities are consistent with accepted assignments.

061

on 3 '*= •
3.31-

2xa 307 £
2.75
2.74* *137=U1

2.22
> 2.32-

2.1V—

6*

2
*

4*

3*
4"

1.76-

a»«-

aoo- aoo-

Zr

0*

FIG. 1. Presently accepted level schemes for WY and
MZr taken from the data of Van Patter (Ref. 8) and Ball

(Ref. 9), respectively.

D. M. Van Patter, Bull. Am.
15, 573 (1970).
9J. B. Ball. Bull. Am. Phys.
574 (1970).

Phys. Soc.

Soc. 15
,

over
form NBS-418
(REV. 7-1 4-44)
U3COMM-OC 26010-P94 PHOTONUCLEAR DATA SHEET 357

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOARD3



VIELOI

ARBITRARY)

YIELD)

ARBITRARY)

FIG. 2. Excitation functions for MSr(p,yJMY and 8*Y(£,y0)
90Zr over the energy region Et =2.3 to 3.0 MeV.
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H.J. Askin, J.K.F. Allen, R. Hicks, R.J.
and M. N. Thomp son

PICNS-72, 359 (1972) Sendai

METHOD

Petty EL EM. SYM. A

Zr

REF. NO.

72As 10 hvm

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P SPG 13- 30 C 35 SCD-D 90

G,XN ABX GOCM1r—

1

C 11- 28 BF3-I 4 PI

G ,XN SPC 12- 15 c 3•oCM SCI-D 4 PI

Table 1. Features observed in photoproton

and photoneutron measurements.

T-6 states
observed in
,#Zr <tf,p)<MeV)

14.27 16.15 17.17 19.37 (20.5)*

Structure
observed in
9aZr (t,n) (MeV)

16.2 17.2 19.3 (20.5) 21.8 23.7

^observed by protons decaying to 2nd excited state in #,Y.

1

i
d

1
«

I
a

*

Iu

s

Energy tcaf ouaiwt ground state trombone.

-s—s—e—»—

r

s 'B~T3—n

—

jj a 5t b a b 5r~S
Flotation Enaray IMaVI

Fig. 2.
,0 Zr Photoproton spectrum.

FORM H3S-410
(R CV. 7-14-04)
USCOMM-N0S-OC PHOTONUC Fig. 3 . Total photoneutron cross section of 90

Zr. 359



REF.

S. Fukuda and Y. Torizuka
Phys. Rev. Letters 29_, 1109 (197 2)

ELEM. SYM.

Zr 90 40

METHOD REF. NO.

72 Fu 6 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,S/ FMF 7- 38 D 150-250 MAG-D DST

Inelastic electron scattering from the giant dipole resonance region In MZr was mea-
sured. In addition to the usual dipole resonance we have found new resonances at 14.0
MeV and around 28 MeV. The spins and parities and transition strengths of these states
are discussed.

B(EL)

FIG 1. Spectra of photoreactton and electron scatter-

ing in
3,Zr. The arrows indicate the positions of the

14.0-, 16.65-, and 28-MeV peaks.

FIG. 2. The experimental form factors for the 14.0-

and 16 .65-MeV peaks are compared with the £2 and £1

form factors calculated with the DWBA code written by

S. T. Tuan at al ., Nucl. Instrum. Methods 60, ”0 (1968)

TABLE 1.

limits. •

8 (El)

,

3(E 2), and Mfi ,
and energy -weighted sum-rule (EWSftt

A’,

(MeV) J' pi £ t
Pb (E1VSR)

b

EX P
EWSR

16.65

14.0

14.0

l"
2*

0
+

17.0 ±5.0

990 ±300

2050 ±610

233x86 264

13900 ±4200 24900

2S700 ± 8500 28000

1.07 ±0.32
0.56x0.17

1.03 ±0.3

lP is 8 (El) in units e 2 F2
for </

T = 1', 8<E2) in e z F 1
for J* = 2

+
, and l At/t I

3
in

F4 for Jw = 0
+

.

J Unit3 are MeV times units of P.
USCOMM-OC 2C010-P64 PHOTONUCLEAR DATA SHEET 360
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ref. Stanley S. Hanna
PICNS-72, p.453 Sendai

EL EM. SYM.

Zr 90 40

REF. NO.

7 2 Ha 9 hvrn

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

$ P,G ABX 13- 25 D 5- 17 NAI-D dst

POLARIZED PROTONS

E,(
90
ZrJMeV

E,(MeV)

Fig. 4. The 90° yield from the unpolarized reaction
«»Y(p,Y0 )

59 Zr

!*,J
l

(over)
Fig. 7. Summary of the existing information on

s, Y(p,YQ )

9 °Zr. The two solutions for the proton. .

channel are indicated by I and II. A SHEET 361

U.s. DEPARTMENT OF C 3MM£ RCE
NATIONAL 0UREAUOP-

S r a n C a = O S



ANALYZING

POWER

89w - .90—
Y(p,y) Zr

Fig. 6. Measured analyzing powers for the reaction
8, Y(p,Y0 ) "Zr plotted vs. angle.

5» Analysis of 1“ analogue resonances in8, Y(p,Yo )
90 Zr

362



F. R. Metzger
Nucl. Phya. A182, 213 (1972)

METHOO

EL EM. SYM.

Zr

REF. NO.

90 40

72 Me 5 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.G LFT 2 G SCD-D DST

2=2. 186

Table 1

Widths of the 2.186 MeV level in *°Zr deduced from the various scattering experiments

Type of scatterer To
98°

•ir (meV)
127’

natural Zr metal 4.90=0.20 4.96=0.2S

enr.
,0ZrO2 single scau. 4.61=0.19 4.90=0.21

enr. ,0ZrOi(,7Al+*°Zr) scatt. 4.84=0.29 5.15=0.46

average 4.77=0.13 4.95=0.16

Table 2

Comparison of the 5(E2f) deduced from inelastic electron scattering and from resonance

fluorescence experiments for the 2.186 MeV 2* state in
90Zr

Method 5(E2|)rt
• fm4

(e. e') *) hydrodyn. model 830=19

shell model 1000= 23

(y,-/) present work 608= 35

(e, e') *) hydrodyn. model 440=20

shell model 440=30

,
f Ref

(J. BelHeard et al. ,
Nucl.

i M. T. Miiis, private communication, Ssot. 1971.

Phys. A143 (1970) 213.

FORM N3S-418
IR EV. 7-1 4. 641
USCOMM.OC 28010- P64 PHOTONUCLEAR DATA SHEET 363
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REF. EL EM. SYM. *
, Z

K. Shoda, M. Sugawara, T. Saito, H. Miyase, A. Suzuki, S.

and J. Uegaki
PICNS-72, 321 Sendai

METHOO

Oikawa

,

Zr 90 40

REF. NO.

72 Sh 10 hvm

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,P SPC 16- 30 C 16- 30 MAG-D UKN

I A STATES

90

Np

K
30 MeV
A

Zr 16.2 MeV IAR

16.7MeV- 16.0MeV

Np
... HU II I *

-ft 8 10

16.7 MeV

160 MeV i

6 8
Ep (MeV)

10

1 htl/2

'
97/2

3/J

3*1/2

id5/2

' 99/2

J»l/2

' *5/2

JP3/2

18.0MeV
-16.0MeV

Fig. 7 (a): Shell model diagram of ,0 Zr and a0
Sr.

(b) : Energy distributions of
90 Zr(e,e’p).

(c) : Energy distributions obtained from difference

method. Residual states for 16.2 MeV IAR are

shown by arrows.

(d) : Energy distributions obtained from difference

method for 08 Sr. Residual states for 17.2 MeV

IAR are shown by arrows.

form N3S-418
(R EV . 7-1 4-841
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Y. Torizuka, Y. Kojlma, T. Salto, K. Itoh, A. Nakada,
S. Mltsunobu, M. Nagao, K. Hosoyama, S. Fukuda

PICNS-72, p. 171 Sendai

METHOD

Zr

REF. NO.

90 40

72 To 6 hvm

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ RIF 0- 37 D 150-250 MAG-D DST

LEVELS 14. 16.65

Fig. 5. The experimental form factors for the 14.0- and
16.65-MeV peaks are compared with the DWBA E2 and
El form factors.

Fig. 4 The spectra of photoreaction and electron scattering

FORM N3S-4I8
(R 6V. 7-14-64)
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GROUND

STATE

RADIATIVE

WUTH

(KeVI

CROSS

SECTION

REF.

METHOO

H. J. Askln, R.S. Hicks, K. J. F. Allen, R.J.
M. N. Thompson

Noel. Phys. A204 , 209 (1973)

Petty and
EL EM. SYM.

Zr 90 40

REF. NO.

73 As 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,P 14- 29 G 31 SCD-D 90

G.XN ABX 12- 28 C 12- 28 BP3-I 4PI*

*N SPC GIVEN 588

5 -mb

t3 •

i
1 1

i
—

i r

Shoda « ai.

—

>

.l « I

«{ ^ox&r
Hasincff et at

I • I » l

J 1 (!f.g> Pretcn SBectrum

,
' r\ 1 1 Energy sale assumes gs. transires

V ^
\

iam et ai.

V*«.I,

ri 1 1 ' 1 h

*o

Ml.!
4
1 .

vereacas 'i

ih
E

:

xj. *

—i——i

—

’JSZ&TA .

~2

Ill -1—
i4

1 1 [ .1-1 . —L_

—

JC4SEL

4
1 i.4 1

1 ,1

. 1

:a is la tz 22 2*4

V.ZP'J-' )

Fig. 4. The treasured ,0Zr photoneutron cross section and comparison with the work of Berman

et al.
19

) at Livermore and the Saclay group 10
).

Fig. 3. Comparison of the presented *°Zr(y, p) proton spectrum with the (e. e'p0) data of Shod* *>

and the (p,

y

0) measurement by Hasinoff et aL 3
). Also shown are the results of calculations by

Hughes and Fallieros 3
) and Vergados and Kuo *) of the excitations and ground state radiative

widths of T> states in *°Zr.

(over)

FORM N3S-418
(REV. 7-14.64)
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Table I

T = 6 states observed in
90Zr(y, p)( MeV) 14.3 16.2 17.2 19.4 (20.7) •>

Structure observed in
,0Zr(y. n) (MeV)

. ..

16.2 17.2 19.4 20.7 21.3 23.7

*) Observed by protons decaying to excited residual states in **Y.

Fig. 5. Difference between the photoneutron energy spectrum measurements obtained using 24 urd

20 McV brerr.sstrahlung.

3
T.A. Hughes et al. , Nuclear isospln, ed. J.D. Anderson et al.

(Academic Press, N.Y. 1969) p. 109.

^J.D. Vergados et al. , Phys. Lett. 35B (1971) 93.

^M. Haslnoff et al. , Phys. Lett. 30B (1969) 337.

^K. Shoda et al. ( Phys. Rev. Lett. _23 (1969) 800.

^B. L. Berman et al. t Phys. Rev. 162 (1967) 1098.

20
A. Lepretre et al. f Nticl. Phys. A175 (1971) 609.
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D. Brajnik, D. Jamnik, G. Kernel, M. Korun, U.

B. Pucelj and A. Stanovnlk
PIGNS-73, Vol. I, p. 539 Asllomar

METHOD

Mlklavzlc, EL EM. SVM. A

Zr

REF. NO.

Z

90 40

73 Br 12 hmg

excitation
ENERGY

SOURCE DETECTOR
ANGLEreaction RESULT

TVPl range TYPE RANGE

G,P ABX 8- 24 C 14- 24 SCD-D DST

G.2N ABX 21- 28 C 20- 28 ACT-

1

UKN

G.NP ABX 19- 28 C 20- 28 ACT -I UKN

Craaa aactloa tor tha raacttoa 90tr(«j,p) l«.vin* tha raal-
dual oacl.ua a,T la aidtri atataa bataaaa l aed > RaV (app.r
dlacraa). Photoprotaa craaa aactiaa ta tha crcund atata or a,

T
disgraa).

Fig. 2. Cross ssceioos for tbs rssctloas ^°Zr(j, 2o sad ^°Zr( j,ap The decay of ta*

glaat resoasacs Is shsssticsily snowa la eh* left dtsgrss.

Rohm NSS-418
I" IV. 7.1 4. 54)
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REF.

P. E. Cecil, L.W. Pagg, W.L. Bendel
, N. Ensslin, B.C. Jones, Jr.

PICNS-73, Vol. I, p.699 Asilomar z

METHOCt

Zr

REF. NO.

90 40

73 Ce 3 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

B,K/ LPT 9 D 37- 61 MAG-D 180

(9.1)

Ground state Ml transition width = 117±23 eV.

iu
4.

CHANNEL

FIG !

(over)

^ORM H3S-413
IRCV. 7-1 4-fl4)

USCOMM-NBS-DC PHOTONUCLEAR DATA SHEET 370
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208 1
The giant magnetic dipole resonance recently observed in Pb tends to confirm

2
the explanation by Vergados of the deviations from single particle calculations of

3
numerous magnetic dipole measurements in the Lead region. A recent measurement of

88
the Ml width of the 1+ state in Sr similarly suggests the existence the giant Ml

90 90
in Zr. This suggestion is supported by an assumed shell model structure of Zr of

a closed lg^^ neutron shell in the presence of an open lg^^ shell. Within this

assumption, the ground state Ml transition strength will be concentrated in the shell

model configuration (g^^ “ ^7/2^
+

‘ In 3 recent search , no evidence was found

for such a state excited in inelastic proton scattering. As such a non-observance

may be attributed to a Serber like nucleon-nucleon effective interaction, a subsequent

search has been has been carried out using inelastic electron scattering at 180°.

90
In this experiment, a self supporting target of isotopically enriched Zr, of

2
thickness 66 mg/cm was bombarded with electrons of 37, 30.5, and 60.5 MeV/c inc-

ident momentum from the NRL LINAC. The spectrum taken at 50.5 MeV/c is shown in fig-

ure 1. The broad peak centered around channel 110 in this figure is also evident

in the 37 and 60.5 MeV/c data. This peak lies at an excitation energy of 9.1 MeV and

is approximately 2.5 MeV FWHM. A preliminary analysis of the yields for this peak

at the three bombarding momenta using the model described by Fagg et. al. ^ together

with Coulomb distortion corrections ^ indicates the peak to be magnetic dipole in

character. A tentative value of the ground state Ml transition width of this peak

is then found to be 117 + 23 eV. In contrast, the predicted width of an Ml tran-

90
sition from the ground state of Zr to a 1+ state at 9.1 MeV whose shell model con-

figuration is C g
g^ ~8

7 / 2 ) is 50 eV -

8
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REF.

M. Hasinoff, G. A. Fisher, and S. S. Hanna

Nucl. Phys. A216 . 221 (1973)

elem. sym.

Zr 90

1

40

METHOD
REF. NO.

73 Ha 13

SOURCE DETECTOR

REACTION RESULT ENERGY TYPE RANGE TYPE RANGE
ANGLE

P,G ABX 13- 25 D 5- 17 NAI-D dst

.

E.(Mev)

Fig. 3. Excitation curve for the reaction
,*Y(p,y0)

90Zr at 0
y
- 90*. The solid lines indicate Uic

sharp structures in the data. The insert shows the yield in the vicinity of the resonance at £* - 1 1.30

McV measured with a thin target.

(over)

FOI ....

(REV. 7-14-64)
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Fig. 6. Legendre polynomial coefficients obtained by fitting the , *Y(p.y0)*
0Zr angular distributions

shown in fig. 4 with the series W(9, E) •» ^0 (l + Si'_ l
a, (E)P, (cos 0)] where N =» 3, 4. The trian-

gles represent data measured with a 120 keV thick target.

E, (MtV)

180

2 120
.4.

o4
b

60

O'

0.4

15V 1

l

17 19 21t 1

i
1

i
1

i '
i > r

WlflJ.AJI.Z a,P,(eos 9)]

ihU
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'v
J I
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Fig. 5. Legendre polynomial coefficients obtained by fitting the ,9
Y(p,Xo)

90Zr angular distributions
shown in fig. 4 with the series )K(0, E) = ^,(I T 21*., a, (£)/*, (cos 0)]. The solid lines drawn through
the a t and az coefficients are visual fits which show the correlation between the structures observed in

the A0, a t and a 2 curves. The scale for the total cross section (4.tA0 ) should be multiplied by 0.8.

Fig. 14. Complete yield curve for the reaction * 9Y(p, j/0)
90Zr at 6r = 90*. The curve below

Ef m 5.40 McV is a symbolic representation of the data from ref.
M

) which shows a great amount
of fine structure.

E. 0b st f P. Rauch, E. Rosie, Phys. Lett. 21 (1966 ) 50;
E. Obst, P. Rauch and H.G. Wahsweiler, Nucl. Phys. A103 (1967) 17. 373



I

REF.

METHOP

Phan Xuan Ho, J. BelHeard, Ph. Leconte, I.

Nucl. Phys. A210, 189 (1973)

Sick EL EM. SYM.

Zr 90 40

REF. NO.

73 Ho 4 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ FMF 2- 3 D 209 MAG-D DST

2.19. 2. 75. 3.08

(6*) 3.45 •> -

(2+) 3.31 -

W*) 3.08 » .

(3“) 2.74 *. .

(5+1 2.32 »

(2*) 2.18 »

<0+) 1.75

Table 5

Inelastic cross sections for E, = 209 MeV on ,0Zr

a

(deg.)

(2*)e = 2.19 MeV
dtx/df2(mb/sr)

(3')e = 2.75 MeV
da/diiCmb/sr)

(4
+
)e - 3.08 MeV
d<j/dI2(mb/sr)

35 0.142 E-l ±0.170 E-2 0.220 E-l ±0.160 E-2
40 0.686 E -2 ±0.490 E -3 0.139 E— 1 ±0.800 E—

3

45 0.278 E— 2±0.170 E—

3

0.S46 E— 2±0.430 E-3 0.624 E-3 ±0.1 76 E-3
50 0.941 E— 3+0.610 E-4 0.443 E-2 ±0.230 E-3 0.419 E — 3±0.580 E-4
55 0.307 E— 3±0.360 E-4 0.221 E—2±0.130 E—

3

0.271 E — 3±0.350 E-4
60 0.101 E — 3+0.250 E—

4

0.984 E-3 ±0.540 E-4 0.170 E — 3±0.240 E-4
65 0.374 E—4±0.165 E-4 0.346 E-3 ±0.200 E-4 0.115 E — 3 ±0.150 E-4
70 0.232 E—4+0.100 E—

4

0.102 E-3±0.900 E-5 0.637 E — 440.820 E-5
75 0.242 E—4^0.640 E—

5

0.242 E—4±0.460 E-5 0.322 E-4 ±0.450 E-5
80 0.233 E— 4±0.350 E—

5

0.199 E—4±0.260 E-5 0.161 E-4±0.220 E-5
85 0.892 E— 5 ±0.1 63 E-5 0.220 E-4±0.150 E-5 0.403 E-5±0.950 E-6
90 0.658 E — 5 —0.104 E-5 0.216 E-4±0.120 E-5 0.657 E-6±0.353 E-6
95 0.334 E-5±0.950 E-6 0.174 E-4±0.180 E-5 0.378 E— 7±0.193 E-7
110 0.155 E-6 ±0.900 E-7 0.509 E-5±0.370 E-6 0.417 E— 6±0.238 E-6

Energy level diagram given by ref.
I4

). Levels excited in our experiment are shown with soiid lines, dashed lines correspond to other levels. The ex-

perimental values are normalized with the elastic cross sections calculated by a phase shift program using a 3-parameter Gaussian model. The param-
eters (c = 4.500, z = 2.530, w = 0.200) arc obtained from ref.

* ).

(over)
FORM N3S-418
(REV. 7-1 4-64)
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Fig. 6b. Squared inelastic form factor for 3" states of the jV = 50 isotoncs.

Fig. 7b. Squared inelastic form factor for 4* states of the jV = 50 isotoncs.

18
phan-Xuan Ho, J. Bellicard, A. Bussiere, M. PriouNucl. Phys. A179 (1972) 529.

*

24
—

Nuclear Data Sheets B (1970).
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REF.

method

Y. Torizuka, Y.

S. Mitaunobu,
PICNS-73, Vol.I

Kojlma, T. Saito, K. Itoh, A. Nakada,
M. Nagao, K. Hoaoyama, S. Pukuda, H. Miura

* P- 675 Aailomar

ELEM. SYM. A

Zr

REF. NO.

REACTION RESULT EXCITATION
ENERGY

SOURCE

E,E/ FMF 5- 37 150-250

73 To 1

DETECTOR

type range

MAG-D

90

z

40

hmg

ANGLE

DST

Fig. 5. Inelastic electron scattering
spectra of

90
Zr from 7 to 35

MeV. The photoreaction spec-
trum is shown for comparison.
The arrows indicate the peaks
at 14.0, 16.7, and 27 MeV.

form N3S-41S
m ev. 7 . 14. 94 )

USC OMM-N 03-0 C

Table III. The B(EL), monopole matrix elements (ME), and
fractions of the energy-weighted sum rule
(EWSR) for the giant resonances in

90
Zr.

(MeV)
B(EL) or |ME|

2 fraction of
T-0 EWSR

fraction of
T-l EWSR

E2 14.0 990 e^m** 0.522

27.0 280.3 0.285 0.228

EO 14.0 2050 fm
1*

1.074

27.0 547.9 0.594 0.476

El 16.65 17.0 e
2
fm2 *

0.89

• V<r
a> - 4.255 fm

* B(E1) from (y,n) is 18.8 e
2 fm2

(over)

PHOTONUCLEAR DATA SHEET 376
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Fig. 8. The form factor for the 27-MeV
state in a9

Zr.



H.J. Askin, K.J.F. Allen, M.N. Thompson, K. Shoda, m. Sugawara
H. Mlyase, and B.N. Sung

Nucl. Phys. A220 , 241 (1974)

Cl tM, i TM,

Zr 90 40

REF. NO.

Page 1 of 3

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLEtype range type range

Gal SPC 8- 30 C 30 SCD-D 90
E*P SPG 8- 30 D 20- 30 MAG-D QOzy

Table 1

Summary of results

Target Proton energy

E, (MeV)
Excitation energy (MeV)

k
) Consistent assignment.

apparent actual

Residual levels

**Y

•°Zr 9.6 17.9 (19.4)*) (1.5 MeV, }) •)
11.

1

19.4 19.4 i-s.. i“
10.7 19.0 20.5-20.8

(20.7) •)

(1.74 MeV, |-)*)

12.5 20.8 20.8 gs., j"
11.3 19.6 21.2-21.4 1.5 MeV, }* or 1.74 MeV, )“
10.2 18.5 (21.4) •) (2.88 MeV, }-)*)

90y.

"Zr 9.5 18.2 19.7 ») » 1.5 McV»)
11.0 19.7 (19.7-19.9) *) g.s., 2~ or 0.2 MeV, 3“
10.7 19.4 20. 8-21.2

(21 . 1 )*)

1.4—1.8

0.7) »)
12.5 21.2 (21 -2)*) g.s.. 2- or 0.2 MeV, 3*
11.3 20.0 21.5-21.8 1.5-1 .

8

10.1 18.8 (* 21.5)-) (x 2.7 MeV) •)

1

5
$

i
1 i

c)
'

// 12
_L

I ACTUAL. PROTON ENERGY (Mg\/J

13
_1

i'i
l i

1 • 'ii,

I

I

* g

1
1

1

i'i'h

*
»

i'i
''

1 1.
Ii 1

t. -- 21.65 M«v

b) ' ii ";',
1

,,.

1

,

1
i

— i i

''•i
*

'i*».
jiL.

'•'•...t. .. ..T 1

H «
i " ,

1
i'i ' E.= 21.15 MeV

i.i 5

A) „•
"'i " 1

,

11 •*

E
e = 20.45 MeV

13 14 13 IS 17 18 19 20 21 22APPARENT EXCITATION ENERGY ( M»V)

Fig. 3. The *°Zr(e, e'p) ,9Y spectra: (a) £«(max) = 20.45 MeV; (b) £,(max) = 21.13
(c) £,(max) - 21.65 MeV.
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REF. C.U C.M.

METHOD

F. R. Metzger
Phys. Rev. C£, 1525 (1974) Zr

REF. NO.

90 4o

74 Me 2

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G LIT 2- 6 C R- 6 sen-n noT

5 LEVELS 2-6 MEV

TABLE n. Results of resonance-fluorescence experiments with MZr.

Level

energy*
(keV) r

r0
J/r

(meV) iyr
r

o

(meV>

r0 (expt.)

r„(s.p.)

2186 2* 4.89* 0.28 1.00 4.89* 0.28 5.1

3308±1 2* 3.45* 0.60 0.75*0.02 4.6 * 0.8 0.6

3842* 1 2* 24.0 * 3.4 0.86*0.02 28 * 4 1.7

4S80±2 l<-> 24.0 * 4.0 0.5 ±0.1 b 48 ±13 3.7x 10"4

5504 A 2 l<-> 48 ±17 0.6 *0.1 80 *32 3.5 xlO"4

4120 2* 0.3 * 0.5

4230 2* 0.5 * 0.9

4680 2* <10

* The energies listed for levels two to five are those determined in the present study. The
last three energies are those reported in Ref. 4.

b Reference 13.

• TABLE L Comparison of experimental and theoretical

yield ratios.

Level N sc (98
c)/

A

r

, c (127*)

energy Theory

(MeV) Experiment Spin 1 Spin 2

3.31 2.2 ±0.6
) )

3.84 2.0* 0.3 >0.74 >2.08

4.58 0.7*0.

2

) )

4
J.B. Ball, M.W. Johns, and K. Way, Nucl. Data A8, 407 (1970).

13
B. Seim, Ph.D. thesis, Johann Wolfgang Goethe-Universitaet,
1971 (unpublished).
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P. Rauch and B. Seim
Phya. Letters 48B . 33 (1974)

MITHOO

90 40

*ee. no.

74 Ra 3 egf

^CACTtOM
EXCITATION SOURCE BE'ECTOR

ANCLE•ESJLT ENERGY TYM A AN 61 T V • | n AN si

P.G ABX 13 D 4 SCD-D 55

4=4. 75-4. 88 MEV

Table l

Resulu for the 7 dear of the ground state anaiog tr *°Zr.

77 ?10

E
7(MeV)») 10.92 9.80 9.26

0 (jtb) *» 64* 17 43* 13 30* 10
r
7
(eV) e) IS *4 10: 3 7*3

r,^ eV) $4.4 $ 3.2 $ 19
oJ£*(jib/Mc

V

s
)

o
y
citib) e)

41 X ID" 5

84

47 X 10
-5

49

44 X 10"*

39

** Transition energy.

Experimental resonance cross section.
e) Experimental radiative width.

Direct radiative width.
e * Predicted compound resonance cross section.

Fig. 1. The wY(p,7)*°Zr excitation functions obtained in

the present experiment. The solid lines are Breit-Wigner

curves (compare text).

7. >

MM-CC 2acic-ae4
a £ v.
_sc o»

E,(Me¥)

PH0T0NUCLEAR DATA SHEET 382

j.s. :e b ir'xeit of ::mmesce
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R€f. E- EM. a L

K. Shoda, M. Sugavara, T. Saico, and H« Miyase
Nucl. Phys. A221. 125 (1974)

Zr 9Q ^
METHOD " a £ F - NO.

74 Sh 6 e%f

REACTION RESULT excitation
ENERGY

SOURCE OE-ECTOR

TVPC RAN SC
ang*E

TVPC * is «£

E,P ABX 12- 24 D 12- 30 MAG-D DST

£crS.CV*V GROUP

°Q 50 !20 'SO
ar

E-zSjMeV GROUP
(B) I

2004

'004i
>Mk ,

Ki N
3 SO ’20 '90

9

c s
> . a

iV
Sr

£*=400 M*V

* 6 8 10
Ep (M«V)

Fig. 14. Angular distributions of proion groups indicated by hatching in the proton spectrum

which u summed over various angles. Both the dashed lines in the results of groups A and 3 are

the results of (p, -/0 ) for group A [ref. *)]. Tne dashed line in the result of group C is the p, /,)

result of this group *).

Fig. 11. Comparison of pt> toproton cross secuons of *®Zr. (a) Present result, (b) Carve A, ref.
,l

);

curve B, ref. *); open circ’ s, ref.
5I

). (c) Ref. *). (d), (e), (f) Theoretical estimates, reft.
'*•**• *»)

• respectively.

Fig. 15. Angul:..* distributions of proton groups in the T— 1 coherent resonance region. The groups
are indicated > hatching in the cross sections. The dashed line in the figure shows the result of

(p, >'«) in the corresponding regions 3
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Table 5

The radiative width of the narrow El IAR obtained from the proton group in the proton spectra

Nucleus

(MeV) (MeV)
£».(/') r
(MeV)

1 J
TV)
r

r •)‘y ’ i(T—
(eV) 1 W

r m
2(Tt-1)

' (P. Vo)

data ry
(eV) (eV)

*®Zr 14.3 6.0 o (I*) 26 26 •) 0.076 > 30*)

16.3

16J

7.9

6.3

0 (*')

1-31 (I*) 52)
126 *) 0.26 >60*)

•*Y 13.0*) 5.9 0 (0*) 13 13*) •0.13') 13x3*)

14.3 •) 7J 0 (0*) 16 16*) 0.14') 11 ±2*)
'. 5.9 *) 8.7 0 (0*) 42 42 *) 0.68 ') 40±8*)

i, Sr 17.1 6.5 0 (J') 9.5)
14') 0.029

17.1 5.6 0.85 ((*-)) 4.9j

17.3

17.3

6.7

5.9

o (}-)

0.85 ((J*))

30 1

18 j

48*) 0.094

The available data with the (p, */0 ) experiment are shown in the last column.

*) The errors may be s 30% (for ,0Zr. **Sr) and s 50% (for **Y) including the uncertainty

of the process to separate the proton group.

*) — l was assumed.

*) (T,, i-l'fjir = 1 was assumed.

*) J* = | * was assigned as shown in table 3.

was assigned as shown in table 3.

r
) Correction was made for the spectroscopic factors on the ground state and the excited state

with the data of the (He1
, d) and (d, p) reactions respectively.

•) Ref. 1T
).

•) Ref. *).

2
J.L. Black ec al. , Phys. Lett. 1_1 (1964) 135; J.L. Black et al. , Nucl.
Fhys. A92 (1967 ) 365.

4
W.H. Mason ec al. , Nucl. Shys. A135 (1969) 193.

Haslnoff et al. , Phys. Lett. 30B (1969) 337.

S’. Paul, nuclear structure studies using electron scattering and photo-
reaction, ed. K. Shoda and H. U1 (Research report of Lab. Nucl. Scl. Tohoku
Univ. vol. 5, 1972) p.343.
12

A. Piazza et al.
,

Phys. Lett. 25B (1967) 579.
14

T.A. Hughes et al. , Nuclear lsospln, ed. J.D. Anderson ec al. (Acadenlc
Press, New York, 1969) p. 104.

^J.D. Vergados ec al. , Phys. Lett. 35B (1971) 93.
27
J.L. Black et al. , Nucl. Phys. A92 (1967) 365.

21
E, Obst et al. , Riys. Lett. 21 (1966 ) 50.

32
P. Axel, et al.

, Phys. Rev. Lett. 19 (1967) 1343.
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A. Suzuki, J. Uegakl
Nucl. Phys. A239, 397 (1975)

EL EM. SVM. A

Zr 90

z

40

METHOD REF. NO.

75 Sh 4 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OE~EC~OR
A NGL —

TVPE RANGE TYPE RANGE

E.P ABX 14- 24 D 14- 25 MAG-D 90

E1 virtual photon spectrum used to obtain (y,p) cross sectioris .

Tajle 2

The parameters of the insular distributions determined by the least-squares fits with

dff/dU = A [1 -r3sin
J 9(l

••Sr *°Zr "Mo

E, (MeV) 21.5 22 20

A *) 1 Z04 6.67

B 0.59 0.69 0.057

P 0.59 0.47 2J

*) Relative value.

Fig. 3. Differential (y, p) cross sections at 8 = 90 :
analysed from (e, e'p) cross sections by the least

structure method.

Fig. 4. Angular distributions of protons from the (e, e'p) reaction. The bombarding energies are
21.5, 22 and 20 MeV for **Sr, ,0Zr and ,2Mo respectively. The best fit curves obtained with eq. (7)

are also shown.

15

K. Shoda et al . , Nucl

.

Phys. A221 (1974) 125
18

A. Lepretre et al., Nucl.
Phys. A175 (1971) 609
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R. P. Singhal, S. W. Brain, C. S. Curran, W. A.

A. Johnston, E. W. Lees and A. G. Slight

J. Phys. (London) Gl , 588 (1975)

Gillespie,
EL EM. SYM. A

Zr 90

REF. NO.

40

75 Si 11 egf

REACTION result
EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 2- 6 D 53-112 MAG-D DST

13 STATES, 2. 18-5.

3

Figures 6, 7, and 8 also give form

factors for other levels.

Figure 3. A comparison of the high momentum transfer data of Phan-Xuan-Ho et al

(1973) with the extrapolation of the fits obtained in the present experiment to 209 MeV.

The parameters of the fit are presented in table 3.

Bellicard et al., Nucl. Phys. A143 , 213 (1970).

Metzger, Phys. Rev. C9, 1525 (1974) .

Phan-Xuan-Ho et al., Nucl. Phys. A210 , 189 (1973).

Singhal et al . , Nucl. Phys. A218 , 189 (1974).

Figure 4. Inelastic form factors for the 3-842 MeV, 2* ( and O)

3-308 MeV, 2* (x) levels. The data points are those of Bellicard « al (1970). The

solid lines are the best fits to these levels with the model independent measurements ot

Metzger (1974) used as constraints (see text).
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Table 3. Results for the analysis of the present data using the Tassie model.

Excitation energy

(MeV)
X
2/D e„

(fm) (fm) (fm)

B(EL t

)

(e
2fmJt)

B(EL t )/B(EL t).P.

2-186* 2* 1-16 4-32 2-76 5-82±0-ll 673 ±59 5-50±0-48

2-319 5- 0-79 3-19 2-31 6-75 ±0-08 (2-12±0-12)xl07» 8-37±0-47
2-748 3” 2-10* 4-34 2-54 6-18±0-28 8-74± 1-00x10* 25-2 ±2-9
3-077 4* 1-03 4-33 2-15 6-15+0-27 2-95 ±0-80x10* 3-32±0-90
3-308 2* 1-30 4-52 2-76* 5-96 64 0-53

0-94 4-06 3-22 6-13+0-52 69 ±18* 0-56±0-15
3-842 2* 1-42 4-45 2-76 5-91 230 1-88

1-18 4-75 2-15 5-58 ±0-30 206 ±36* l-68±0-29
3-97 5" 0-40 4-14 2-31* 7-02±0-60 2-62± l-00x 107 10-4±4-0
4-07 4+ ? 0-40 3-15 2-15* 5-56 ±0-34 (4-0±2-4)xl0* 0-45 ±0-27

5-? 0-30 4-50 2-31* 7-16±0-30 (l-6±0-9)xl0 7 6-4±3-6
4-34 4* 0-48 3-98 2-15* 5-95 + 0-16 l-50±0-40x 10* 1-69 ±0-45
4-47 4+ 0-98 4-93 2-15* 6-53 ±0-12 3-45 ±0-65x10* 3-87 ±0-73
5-64 3* 1-61 4-31 2-54* 6-16±0-09 6760±950 1-95 ±0-27
5-78 3" 0-83 4-13 2-54* 6-05±0-13 1450±220 0-42±0-06
5-30 to 5*50 region 4*7 M3 4-45 2-15* 6-22 ±0-35 3-1 ±0-7x10* 3-5±0-8

* This is a re-analysis of the level and the numbers are very slightly different from those in Singhal et at (1974).
* The (n, n') point was treated as a datum point for the fit. See text.

* One datum point (Billicard et at 1970) is contributing 15*2 to the x
1 function.

* /„ was fixed (see text).

* The (y, /) point was treated as a datum point for the fit. See text.

Figure 5. Inelastic form factors for the octupole transitions studied. The transitions
shown are to the 2-748 MeV f0 and O). the 5-64 MeV () and to the 5-78 MeV ( x

)

levels respectively. The solid circles for the 2-748 MeV level are data points taken from
Bclltcard et at (1970). Solid lines are the fits obtained by using the Tassie model.
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D. Brajnik, D. Jamnik, G. Kernel, M. Korun, U. Miklavzic,

B. Pucel j , and A. Stanovnik

Phys. Rev. C13 , 1852 (1976)

EL EM. S VM.

Zr 90 40

Page 1 of 5.

REF. NO.

76 Br 5 hmg

REACTION result EXCITATION SOURCE OETECTOR

ENERGY TYPE RANGE TYPE RANGE
ANGLE

G.N ABX 13- 30 C 13- 32 ACT-I 4PI
x

G.2N ABX 20- 31 C 13- 32 ACT-I 4PI

G.NP ABX 20- 31 c 13- 32 ACT-I 4PI

20 21

E v (HeV)

FIG. 12. The (y, nf) cross section represented by

data points contains. In addition to the "Zriy, «,)
MZr0-M1

contribution, also contributions of all photoneutron

cross sections involving those residual wZr states

which subsequently decay to the first-excited state. For

comparison the (y,» + np) data of Lepritre et al. (Ref. 6)

(continuous curve) are also shown.

TABLE L Integrated cross sections for various

FORM
(REV.
usco

Reactions

Energy region of

integration (MeV)

Integrated cross

section (MeV mb)

lY.Fo> 13-23.S 79*7

(Y. £>».»- J Mm 15-18 35*4
15-23.5 88*9

(Y.P)»-J McV 17-23.5 10*5

(Y.P>W M'V 18.5-23.5 29*8

13-23.5 206*19
13-18 101*10

{y.Pii 14-31.5 35*5
14-23.5 20*3
14-18 5*1

14-31.5 850* 70

<r.»> 14-31.5 1300*100

<r.»p) 20-31 14*6

(Y.2n> 21-31 141*15

ISOMER YIELD

a 25 30

IB 15

Ev(MeV)

FIG. 14. Cross sections integrated over angles for

processes studied in the present work (data points) are

displayed with the exception of the total photor.eutron

cross section (solid curve in the bottom left corner of

the diagram) for which the results of Leprfetre ct il

.

(Ref. 6) are shown. The low-energy parts of the ground

state and total photoproton cross sections are taken from

Ref. 3 (solid curves). In the bottom right corner the sum

of the total photoproton, the fy,2n) cross sections from

the present experiment and (y, n * np ) cross section of

Ref. 6, is displayed. It represents to a good accuracy

the total photoabsorption cross section.
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EXCITATION

ENERGY

IN

“ZrlMeVl

Page 2 of 5

E-y(MeV)

FIG. 13. Cross sections for the reactions ’°ZrO’,«p.i

®*Y and wZriy, 2*) !8Zr. A comparison of present results

for the cross section of the reaction ^Zriy, 2*>MZr with

the data of Lepretre et al. (Ref. d) and Berman et td.

(Ref. 1) is given in the lower diagram. The solid line

is drawn arbitrarily through data points of the present

results. The decay scheme shows the decay modes
used for the determination of the cross sections (upper

diagram).
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B. Pucel j , and A. Stanovnik
Phys. Rev. C13 , 1852 (1976)

EL EM. SYM.

Zr 90 40

METHOO

Paqe 3 of 5.

REF. NO.

76 Br 5 hmg

REACTION RESULT EXCITATION SOURCE OETECTOR

ENERGY TYPE range TYPE RANGE
ANGLE

G,P ABX 8- 23 C 14- 24 SCD-D DST*

G,P ABX 13- 23 C 14- 24 SCD-D DST
2

G,P ABX 14- 31 c 14- 32 ACT-I 4PI
3

12 14 16 20 22 24

2

1

co

1

2

Oa is *

c/>

S 2

1 1

U-l
as
UJ
Lk.

s 3

2

1

—i—i—i—i—i—i

—

t*t

.“ZrlYjAiV

i i i 1 1.!

1 1

'
1

<4

“1—1—1—

1

li
1Mil 1 1

®ZrW.pl
M
Y?-5M«

i i i i K

v

! i

islit 1

1

fiiiii'jty

yny.f)>x:3KI

I'li hi, u*
- mw'

1 1 i
* 4 1 1 1 L_k

'

I
”Zr(v.P

0fV
'

1
•* ••*«*

.

_1 I 1 1 1 1 L_I ' P'a^.j i |

12 14 16 18 20 22 24

Ey (MeY)

FIG. 3. Differential 90* cross section for the (y,p,)

reaction and differential summed cross sections for

reactions involving various regions of excitations in the

residual nucleus 83
Y.

20 -

e

*
10f-

1H

15

L

t 1 r

(y.P2*w!
83y Shoda el al.

S
°2r (y-P l

6

^3-3^ Pffssnt work '

i,„ ,!!«,
|

w'/'V' 1

i; 21

f

2313

Ey(MeV)

FIG. 8. A comparison of present results for the
HZr(y,p)ssY9,»_j cross section with the data of Shoda
ttal. (Ref. 4).

TOT AND EXCIT STATE

1
GROUND STATE

3

ISOMER YIELD

30

20 r

t;

H 10

O

°Zr(T,P
0

1 "Y
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FIG. 4. Legendre polynomial coefficients for the angu-

lar distributions of protons in the reaction 30
Zr(y,/>o)

c3Y

obtained from differential cross sections for the angles

30*, 90*. and 150* assuming an angular dependence of

the form IF(fi) =2|^A,i’ l
(cosfl). Cross sections for par-

ticular angles were determined from measured spectra

by means of a least-squares-fit analysis (Ref. 13). Oi

the top diagram present results for (7 = 4»A,j (data points)

are compared to the data of Refs. 11 and 8.
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Page 4 of 5

20 -

10 -

i 1 1 r
1 1 1 1 r

'I
tit'.t

< i I L

5 17 19 21 23

FIG. 6. Legendre polynomial coefficients for the an-

gular distribution of protons in the reaction MZr(y,p)
8,Y* involving excited states of

89Y with energies up to

3 MeV. See Fig. 4 for other details.

ed isomeric state of 89
Y. The cross section is obtained

from a Penfold- Lefss analysis of the 0.909 MeVy-ray
activation yield. Here, besides the direct (y ,p,) cross
section, also contributions from states decaying to the
0.909 MeV state are contained. In particular, oty.pj1)
incorporates and 70% of o(y ,p<), involving
"Y states at 2.529, 2.568, 2.622, 2.871, and 2.220 MeV.
respectively.

ID

IN 0

-10

ID

FIG. 9. Integrated cross section over angles and
other Legendre polynomial coefficients for the photo-
proton reaction channels leading to excited states in
89Y of energies 3—5 MeV (see Fig. 4 for other details).

Ey(MeV)

FIG. 5. A comparison of present results for the

Legendre polynomial coefficients of the reaction MZr-

(y.^ o)
8*Yg .». with the data of Refs. 3 and 8.
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R-EF. D. Brajnik, D. Jamnik, G. Kernel, M. Korun, U. Miklavzic,

B. Pucelj, and A. Stanovnik

Phys. Rev. C13 , 1852 (1976)

ELEM. SYM. A

zr 90 40

Paqe 5 of 5

.

REF. NO.

76 Br 5 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE 0ETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Ey(MeV)
FIG. 10. Same as Fig. 9 for excitations of 5—7 MeV.

Odd Legendre polynomial coefficients are not shown due

to large errors.

TABLE L Integrated cross sections for various

photonuclear reaction channels.

Reactions

Energy region of

Integration (MeV)

Integrated cross

section (MeV mb)

13—23.S 79*7

15-18 35*4
15-23.5 88*9

(T.P>J-S M«V 17-23.5 10*5

(Y.p)j-T M«V 18.5-23.5 29*8

13-23.5 206*19
13-18 101*10

(y.Pi) 14-31.5 35*5
14-23.5 20*3
14-18 . 5*1

ty.«?> 14-31.5 850* 70

<y.*> 14-31.5 1300*100

(y."P> 20-31 14*6

(y.2») 21-31 141*15

ty (Met)

FIG. 11. Total photoproton cross section obtained by
summing the contributions shown in Figs. 4, 6, 9. and
10 (data points) is compared to the corresponding data

of Shoda et al. (Ref. 9). The shaded area represents

experimental errors quoted in Ref. 9.
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S. Fukuda and Y. Torizuka
Phys. Lett. 62B , 146 (1976)

ELEM. SYM.

Zr 90 40

METHOD
!

REF. NO.

76 Fu 1 egf

REACTION RESULT excitation
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 6- 30 D 150-250 MAG-D DST

ANALYSIS FOR EO

The multipole expansion of the inelastic electron scattering continuum in
90 Zr yields an E24ike structure which

involves a giant monopole resonance at 17 MeV with a width of 4 MeV.

Fig. 1. Differential total form factor iH^.Fx)! 2 at 183 MeV
35’, transverse part llt,xl

2
(l/2 + tan 2

0/2), and \W]_(q, £x)l
2

corresponding to El, E2, E3 and E4 + E5 + E6 are shown,

where I H'l
2

, 1

,

and lIV-pl
2

are defined in ref. (16). The

scale at the right-hand side indicates B(EL) values in units

of fm 2l/MeV and at the left-hand side form factors in units

>f lO^/MeV.

Table 1 Table 1

B(EL) values in fm 2 '- and the percentages of the corresponding F.WSR in
90

Zr.

£\(McV) El E2 E3

6-10 2.8* 1.8 (3 7*0.9) X 10 3
(4.2*0.4) x 104

(18 tl2)£(r=l) (11 ±Wt(T=0) (16 ±1)3 (7=0)
10-15 7.3*1.1 (10.9*0.6) X 10 3 (3.9*0.3) x 104

(28 *4)%(r=l) (49 *3)3 (T= 0) (24 *2)3 (7 = 0)

15-20 11.8*1.0 (10.2*0.5) x 103 (0.9*0.2) X 10
4

(61 ±5V7c(r=l) (64 *3)3 (T=0) (14 *4)3 (7=0)
20-30 2.7* 1.4 (12.5±0.7) x 10 3 (4.4 *0.4) X 10

4

(17 *9)%(r=l) (89 ±5)3 (7=1) (34 *3)3 (7=1)

fobm N3S-418
(H EV. 7-1 4.64)
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Phys. Rev. Lett. 38 , 156 (1977)

EL EM. SYM.

Zr 90 40

REF. NO.

77 Di 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 22- 35 C 14- 27 NAI-D 4PI

New detailed angular distribution measurements are presented for 85
Y(/>,y

0 )
M Zr above

the giant dipole resonance (14 MeV « E
p
« 27 MeV), which show pronounced effects of high-

er multipoles. Direct-semidirect calculations provide a good description of the data by
including £2 and £3 as well as £1 radiation. The sensitivity of the reaction to a T = 1

giant quadrupole resonance is demonstrated.

FIG. 1., Angular distribution coefficients for J9Y(p,

y 0 )

J0 Zr. Crosses and open circles, present measure-

ments of ct^see text) ; solid dots, previous measure-

ments of Ar,,ait and b 2 (Refs. 14 and 15) (A^cto and a
{

aaj for ^14 MeV). The curves represent calculated

a,; the £1 curve includes both direct and semidirect

(GDR); £2 and £3 are direct only, except where semi-

direct £2 (GQR) is indicated.

£,<*•»)

FIG. 2. Angular distribution coefficients extracted

from LLL data. See text and Fig. 1 caption for signifi-

cance of curves.

14
B. L. Berman et al., Phys. Rev. 162 , 1098

(1967).

M. Hasinoff et al., Nucl. Phys. A216 , 221

(1973)
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rep- W. Knupfer, Phys . Lett. 77B, 367 (1978)

METHOD

ELEM. SYM.
|

A

ZR

REF. NO.

90 40

78 Kn 7 rs

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE range

E,E/ RLY 8-10 0 UKN MAG-D DST

M2 LEVELS

The location of the M2 giant resonance in
28

Si,
90Zr and 208 Pb, predicted within the framework of the MSI-RPA par-

ade-hole model, has been confirmed by high-resolution inelastic electron scattering (£\- » 44A" 1 /3 MeV). The fragmented

M2 strength distribution can only be described assuming a mass-dependent quenching of the intrinsic gs factor. This has the

, -"sequence that the long sought Ml strength is much reduced in heavy nuclei, an effect which is supported experimentally.

Excitation Energy /MeV

Fig. 1. The left part shows selected (e, e') spectra on :3
Si.

90 Zr and 208Pb at various energies but all at e = 165°. The 2” states i-
marked by arrows. The right part displays the model prediction for the M2 strength.
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REP. K. Masumoto, T. Kato, N. Suzuki
Nucl . Inst. Meth. 1 57 , 567 (1978)

METHOD

I ELEM. STM. 2

Zr

REF. NO.

40

78 Ma 10 hg

REACTION result
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,N ABY 12-68 C 30-68 ACT 4 P

I

G.PN ABY 20-68 C 30-68 ACT 4PI

Analysis is made of reactions interfering with
photon activation analysis procedures.

The activation yield curves have been presented for a number of photonuclear reactions in the ejtergy range from 30 to

68 MeV, in order to evaluate quantitatively the interferences due to competing reactions in multielement photon activation

analysis. The general features of the yields as functions of both target mass number and excitation energy were elucidated

from the data obtained, discussion being given on the results in terms of the reaction mechanism.

Simultaneous neutron activation due to appreciable neutron production from the converter and surrounding materials

has also been studied, and. finally, the magnitudes of interferences in real multielement analysis were given in the form

of their energy dependences.

Nr

Fig. 2. Yield per equivalent quanta versus target neutron num-
ber.

Fig. 7. Activation yield curves for the reactions on Y. Zr. Nb
and Mo.

89 Yly.n)88 Y. O ^Zrly. n)
8,

Zr. O *>Zr(y. pn)88 Y.
93 Nb<y.n)92m Nb.A 93 Nb(y. an)88 Y. B l00 Mo<y, n»"Mo.

<* 97 Mot /. p|
94 Nb. a 96 Mo(y. p)

95m Nb.O 94 Mo(y, pn)92m Nb.
C 92 Mol y, 2n

)

90 Mo.7 94 Mo(y. *n)8, Zr

-_C=M N3S-4I8

(over)

j.s. czpaptment of commerce
396



E
ITU

a
(M
cV

)

Fig. 9. Yields of the (y, n) reactions as a function of brems-

strahlung maximum energy and target mass number. The

numerical values in the figure are yields per equivalent quanta

in mb.

Fig. II. Yields of the (y, pn) reactions as a function of brcms-

strahlung maximum energy and target mass number. The
numerical values in the figure are yields per equivalent quanta

in mb.
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D. Meuer, R. Frey, D.H.H. Hoffmann, A. Richter, E. Spamer, 0. Titze
W. Kniipfer

Nucl. Phys. A349 , 309 (1980)

, Cl Cm. Sym. a

Zr 90 40

MITHOP

80 Me *7 _h£_

A (ACTION result
EXCITATION
ENERGY

source oetector
ancle

TYPE HANOI

E.E/ FMF 8-10 D 24-66 MAG-D DST

-

Spectra shown in the paper BML, 21 LEVELS

Abstract: High-resolution (FVVHM » 30 keV) inelastic electron scattering on Zr at low momentum
transfer <0.20 < <0.62 fm*

1

) has been used to study magnetic transitions at excitation energies

£, “ S— 10 MeV. The experimental data were analyzed in the distorted-wave Born approximation

(DW'BA) with wave functions calculated in the random phase approximation (RPA). Three/' = 1*

states have been identified £, » 8.233. 9.000 and 9.371 MeV. There is some indication of further

very fragmented dipole strength and the upper limit for the total Ml strength in the investigated

energy region is ISlMlIf <2.5 mk- It is much smaller than any theoretical prediction. Further-

more. a large number of 2” states has been .observed, with the center of gravity located at

£, »9 MeV. These states carry a total strength of IB(M21f - 1000 mk • fm 1
. Their strong frag-

mentation is in qualitative agreement with theoretical calculations, but the deduced strength is much
smaller than theoretically predicted. In addition the distributions of spacings and radiative widths of

the 2” states are consistent with a Wigner and a Porter-Thomas distribution, respectively.

NUCLEAR REACTIONS *°Zr(e, e’l, £=>24-66 MeV; measured trt E, 8). *°Zr deduced
levels, transition strengths. Shell-model calculations.

— i

Table 2

Levels observed in the present experiment and multipole assignment due to

comparison with the theoretical calculations described in the text

£, (MeV) JT £, (MeV) J~

7.774 a*. 2*) 8.882 2”

7.806 (2*1 8.911 2*

7.868 (l*.'21 8.934 2*

7.907 ((3*1) 8.971 2*

7.996 (3*1 9.000 i*

8.032 2* 9.061 2*

8.113 1*(2*1 9.101 2“

8.142 1*12*1 9.127 2*

8.233 1* 9.150 1*(2~)

8.291 2* 9.265 2”

8.316 (2*1 9.294

8.366 (1*1 9.327 2*

8.400 (2*1 9.371 1*

8.442 2* 9.439 1*(2*1

8.494 1*12*1 9.489 2*

8.542 2* 9.520 (1*. 2*)

8.602 (1*1 9.541 2
~

8.627 2* 9.601 a*. 2i
8.701 (2*) 9.694

•y~

8.S09 (2*) 9.863 (1121
8.853 1 ”

The excitation energies are uncertain to 3-10 keV and the number of

parentheses around /' vaiues indicate the ambiguity in the assignments.

S 1

* 3
1 •

^ I

"3 fe

> ; =- —

I •• =
> ' C
CT a i
L. - —
U £ =
C i iu " -
at " —
c
•5 -j ”
l — i
a
a c -
e " i
o * ;
<o i =

= -
2 ^

(OVER)

'OM N3S-418
< CV. 7.1 4-«4>
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Fig. 8. Excitation function of four /' = 2~
states. The experimental data are compared to MSI model
calculations.

Fig. 1 1 . Experimental form factor for the state at £, = 8.494 MeV compared to the different shapes of the

theoretical form factor predictions for /' = 1" and J” = 1* states, respectively. The theoretical Ml form

factor is scaled to obtain a ground-state radiative width of r°y = 1.6 eV as quoted in ref.
J
'), obviously in

disagreement with the experimental finding which is consistent with an El assignment to the transition.
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K. Raghunathan, L.L. Rutledge, R.E. Segel , L. Meyer-
Schutzmei ster
Phys. Rev. C22, 2409 (1980)

REF.

methoo

CL CM. SVM.

Zr 90 40

REF. NO.

80 Ra 3 hg

reaction result EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TVPt RAN (SC TVPt RAN6C

A,G ABX 15-19 D 9-13 NAI-D nsT
(9. -12. 5)

The l4
Srta,)'0)**Zr reaction has been studied over the energy range 9.0

£

E. S 12.5 MeV; there was no detectable

yield below 9 MeV. Data were taken at three angles, thus making it possible to decompose the radiation into its £ 1

and £2 components. The £1 yield, which is at least 85% of the total, shows a broad peak centered at an excitation

energy of about 17 MeV. Utilizing Hauser-Feshbach calculations, the magnitude and shape of the £1 yield is shown

to be consistent with the £ 1 capture proceeding entirely through the compound nucleus. The £2 yield is small at

the lower bombarding energies, but appears to be significant above about £|*®Zr*) » 16.5 MeV. Any observed £2

cross section is shown to be much too large for the reaction to proceed mainly through the compound nucleus.

&IUCLEAB BEXCTIONS *Sr(a,y0)
9,Zr, 9s£,s 12.5 MeV; measured £r]

L dtr/tiC}(0,Ea); deduced <ret (y,at), tre2 (y, at). J

FIG. 3. Yield curve at 90*. The alpha energy Is the
mean energy in the target. Data are from different
runs spread over about a year and the error bars Indi-
cate the estimated uncertainties In the absolute cross
sections. The estimated errors in the relative cross
sections, as far as angular distributions are concerned,
are about one half of the absolute errors.

(OVER)

form N8$-4lt
<R IV. 7.1 4-64)
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FIG. 5. Total £1 absorption cross section calculated

from the measured £1 capture under the assumption
that the entire reaction proceeds through the compound
nucleus. Also shown is the measured total absorption

given in Ref. 10.

FIG. 6. Solid lines are the £2 fy, a,) cross section,

obtained from the observed £2 capture by detailed

balance. The cross hatching indicates an upper limit.

Solid curve is the compound nucleus £2 fy.a,) expected

from a 4-MeV wide resonance centered at 14.5 MeV.
The broken curve is that calculated for a direct reaction

proceeding through a giant quadrupole state that has a

40*3) *Sr-t-a component. Dotted curve is the gamma-ray
absorption cross section, divided by 100, expected for

a 4-MeV wide resonance centered at 14.5 MeV.
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rep. T. Tamae, T. Urano, M. Hirooka, M. Sugawara
Phys. Rev. C21, 1758 (1980)

CLEM. STM. A z

Zr 90 40

HEP. NO.

80 Ta 2 hg

method

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TVPf RANGE TYPE RANGE

E,A ABX 7-67 D 13-67 SPK-D DST

The («,a) cross section in "°Zr has been measured at incident electron energies from 13.3 MeV to 66.3 VIRT. PHOTON ANAL
MeV for a particles between 6.9 and 16.8 MeV. The (y,a

)

cross section was deduced from it assuming both

E 1 interaction and E2 interaction. The angular distribution of the (y.a,) cross section and an experiment

using the bretnsstrahlung plus electron beam make it clear that the E 1 interaction is dominant over all the

present energy range. The (y,a) cross section extracted by using £1 virtual photon spectra has a large

bump above the excitation energy of 30 MeV in addition to a bump in the giant dipole resonance region.

The (y.cto) cross section also has a bump at the giant dipole resonance which exhausts most of the (y,a)

cross section in that region. The compound nucleus model was used successfully to explain the bump at the

giant dipole resonance. The cross section above 30 MeV is discussed in terms of the pre-equilibrium a

emission process combined with the quasi-deuteron model.

NUCLEAR REACTIONS 3#Zr(«,a), E,= 13.S-66.5 MeV; measured dtr(e. o)/dO.

deduced dtr(y,a)/d{l and <*r(y, Angular distributions; (y, a 0) at £,= 17.5

MeV and W,a> at £,=40.0 MeV, 6a = 45-135*. Experiment using electron plus

bremsstrahlung at £, = 60.0 MeV. Calculations, compound nucleus model, and

pre-equilibrium exciton model combined with quasi-deuteron model.

FIG. 4. («,£») energy spectrum of
30Zr at 6 = 90°, for

£, = 55 MeV. Alpha-particle energy was corrected for

energy loss in half target thickness.

FIG. 5. Differential cross section of the (e.o) reac-

tion at 0 = 90*.

FIG. 6. Photoalpha differential cross section of
30Zr

(closed points) analyzed from the <e,a ) cross section in

Fig. 5 and 30Zr(Y, u 0 ) differential cross section (open

circles), at i/ = 90°. £1 interaction only was considered

in these analyses. The value of x
2 for the total (y.o)

cross section was calculated for the cross section

smoothed by eye. Solid line shows 33Zr(V,/i) cross sec-

tion.
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(jy'q

nr)

op/pp

FIG. 9.
,flZr<«,a) cross sections divided into four

parts with particular a-particle energies.

FIG. 13. Alpha-particle angular distributions at E
= 40 MeV. *
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L.W. Fagg, W.L. Bendel , E.C. Jones, Jr.

Phys. Rev. C26, 1304 (1982)
CL CM. SYM.

2r 90 40

METHOD REF. NO.

82 Fa 2 egf

REACTION RESULT
excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYRE HANOI

E.E/ ABX 0-12 D 37.61 MAG-D 180

Spectra of 37.2 and 60.6 MeV electrons scattered at 180* constitute evidence for very low ob«

servable Ml transition strength and significant M2 transition strength in the 9 MeV excitation

energy region of 90
Zt. This is consistent with recent high resolution results of other worleers at

more forward angles.

NUCLEAR REACTIONS ”Zr(e.e'), E0 -3:

dtrld n at 9-180*.

ELECTRON MMCNTUM, MaWt

FIG. 1. Inelastic cross section spectrum of 37.2 MeV elec-

trons scattered at 180* from 90Zr

.

60.6 MeV; measured

ELECTRON MOMENTUM. MeV/e

FIG. 2. Inelastic cross section spectrum of 60.6 MeV elec-

trons scattered at 180* from ^r.
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arr F.Z. Khien, N.K. Zui, N.T . An

Yad. Fiz. 35, 257 (1982)

Sov. J. Nucl. Phys. 35, 145 (1982)

EL EM. SYM.

Zr 90 40

method REF. NO.

82 Kh 2 egf

reaction RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPI RANGE TYPE RANGE

G,N N0X 12-14 C 14 ACT-

1

4PI

ISOMERIC RATIO
The method is developed for calculation of the isomeric ratio for the case of low excitation energy of the

residual nucleus, and the isomeric ratio is measured in the (n. In |
and

|y, n) reactions in the neutron-deficient

nuclei "'Mo, “Zr, “Sr. and ‘Se. The good agreement between the experimental and theoretical results on the

(y, n) reaction has confirmed the reliability of the characteristics of the residual nuclei, the transmission

coefficients of the emitted neutrons, etc., used in the calculations. From study of the f/t. In ) reaction we have

obtained values of the parameters of the spin dependence of the level density of the nucleus in the excitation-

energy region — 14 MeV.

PACS numbers: 23-20. + y, 23.40.Gr, 27-30. 4- e, 27.60. •+• j

TABLE HI. Isomeric ratio In the fy.n) reaction.

Target nucleu* «.»» •thtoe Published data 1 *

“Mo 1.34x0.15 us I.SIx0.t5 ITU)
( 9 (

MOsoJI
1
1<-|

usom.ii; (3iii (i;,|

"Zr i.:>2*nu4 1.49 O.jOxii.li <3ui [I3|

"Sr O.iOaO.Oi 086 ti.tiSxo.lt (301 [
I3|

:4St 73x1.0 10.5 11

83 J »

"in parentheses we have given the values of the bremsstrah-
lung maximum energy.
l,In the calculations we used the n Se level scheme of Ref. 2,
/.= 7/r and tm = \/T.
3 In the calculations we used the level scheme of 73Se (a Ref. 3.
/,= 9/2* and /„ = 3/2*.
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Ref. R. Nathans, P.F. Yergin
Phys. Rev. £8, 1296 (1955)

Elem. Sym.

Zr 91 4o

Ref. No.Method counters; 24 MeV Bremss; Betatron
55 Na 1 EGF

Reaction

(Y,xn)

E or AH

5.0-24 16.2 5.4

crd E

1.27 MeV-mb

J ft Notes

E . = 7.2 MeV; a = 200 mb.tn max

No Corrections.

[NOTE: Figure 5 - Ref 8: Katz,
Baker, Montalbetti, Can. J. Phys.

2b 250 (1953)]

Fig. 3. (y,n) cross sections lor Zr50 and Zr* 1
. The ordinate scaie

is in millibarns ( 1 0 *T cm*). The points shown are those calculated
from the yield data. The solid curves are drawn to tit the points.
The dashed curve is the cross section reported (see reference St
for the production of the isomeric state of Zr"s by photon bom-
bardment of natural Zr. The locations of the thresholds for various
reactions in the two isotopes are indicated by the arrows.

i

FO RM NBS-418
(S-1-93)
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Kef. P.F. Yergin, B.P. Fabricand
Phys. Rev. 104

, 1334 (l95o)

clem. Sym.

Zr 91 4o

Method
24 MeV betacroi; 250r Victoreen in 3.75 cm Lucite; neutron detector

Ref. No.

56 Ye 2 EGF

Heat cion E or AE a d E J IT Notes

Zr9\y. xn)
Bremss.

24
16.5 5.0 MeV

23

J =1.22 MeV-b
0

Fig. 5. Cross sections for the (y,n) reactions in zirconium

isotopes. Short dashes Zr», lone dashes ZrJl
,
full curve Zri!

. The

previously published ZrM and Zr31 results have been recomputed,

taking into account the present Zr52 measurements. The single

and double slash marks on each curve represent the locations of

the (y,pn) and (y,2n) thresholds respectively. The units of the

ordinate arc 10-22 cm2
.

Taule III. Parameters of giant-resonance cross-section curves
for reactions in nuclei near 50 neutrons. Nuclides -

:AsTi
,

«iNbM,
and uRhIta from reference 4, .oZrM and ,oZrsl from reference

5 recomputed in present work. Neutron numoer is shown in

column 2, location of peak cross-section value in column 3. peak
cross-section value in column 4, half-height width of curve in

column 5, and area under curve from threshold to 23 Mev in

column 6.

Nuclide iV
r..

(Mev) Cmitlibama)
r

(Mev)
fj*9dE

(Mcv-bami)

jiAs:i 42 17.3 90.3 9.0 0.80

isSr*4 43 15.9 160 5.0 0.92

wSr*' 49 15.3 146 5.3 1.00

j»SrM 50 16.3 201 4.0 1.05

j»Y™ so 16.3 191 3.3 0.37

,oZr» 50 15.S 199 4.3 0.93

*oZr“ 51 16.5 200 5.0 1.22

..Zr22 52 16.9 193 5.5 1.24

..Nb« 52 17.0 195 6.3 1.46

nRh“* 58 16.5 205 3.9 1.94

rORM NBS-418
(8-1-931
USCOMM-OC 18SS9-R63
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S. C. Fultz, R. L. Bramblett, B. L. Berman, J. T.
and M. A. Kelly

Proc. Gatlinburg Conference 397 (1966)

METHOD

Caldwell,
ELEM. SYM. A Z

Zr

REF. NO.

91 LQ

66 Fu 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABI THR- 30 D THR- 30 BF3-I 4PI

G,2N ABI THR-30 D THR- 30 BF3-I LSI

TABLE 1

Integrated Cross Sections for Zirconium and Yttrium

Isotope

Em**

a - fc-at dE
(MeV - barns)

E...

b = E
(MeV - barns) b/a

Eaia

(MeV)

**Zr 0.980 0.108 0.110 28

“Zr 1.078 0.202 0.187 30
"Zr 1.096 0.447 0.408 23

“Zr 1.041 0.577 0.554 30
"y 0.991 0.095 0.096 28
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B.L. Berman, J.T. Caldwell, R. EL Harvey, M.A. Kelly, R.L. Bramblece,
and S. C. Fulcz

Phya. Rev. 162, 1098 (1967)

ELEM. SYM.

Zr 91 40

methoo REF. NO.

67 Be 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G.N *7+ ABX THR-30 D THR-30 BF3-I 4PI

G,2N 8* ABX THR-30 D THR-30 BF3-I 4 PI

Table IV. Integrated cross sections.

Nucleus (McV-b)» (McV-l*)* (McV)
Fli.tfY.2ll)

Ft.iVr. loial)*

(Jr)Fmr
(McV-b)

O.OCXZ/A

(McV-b)

V* 0.94 0.10 2S 0.10 1.14 lJl

Zr" 0.96 0.10 28 0.09 1.16 1J3

Zr*‘ 0.83 0.20 30 0.19 1.22 1-35

Zr** 0.65 0.45 28 0.41 1.23 1.36

Zr** 0.43 0-58 30 0.56* U2 1-38

• All measured integrated cross-section values are given for an energy region from threshold tn Eym*t. For the Zr" and Zr" cases, it was necessary to

extrapolate the low-energy part of the total photoneutron erne* section down to threshold: the error introduced in this process, however, is less than 0-5%.

‘The word "total" in this table refers to the total photoneutron cross section .(Ct.s) -Kt.*") +(t.2s) -HtJ.)]. and excludes the (v.si and (v.gj

• This value i~-i.uU« the contribution of «im(t.3s), which equals 0.03 MeV-b from threshold to 30 MeV.
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Single photoneutron cross section for Zr*4 . (c) The (y,2n) cross

section for Zr.“.

form NBS-418
(REV. 7.14-941
U3COMM.QC 26010-P64

>2 14



G. P. Antropov, I. E. Mitrofanov, A. I. Prokof'ev and V. S. Russkikh
Izv. Akad. Nauk Fiz. 700 (1969)
Bull. Acad. Sci. USSR-Phys. 645 (1969)

ELEM. SYM.

Zr 91

method

69 An 7 egf

REACTION RESULT excitation
ENERGY

SOURCE (DETECTOR
ANGLE

type range TYPE RANGE

G,XN ABX 12-23 C 12-23 BF3-I 4PI

Fig.l. Cross section for the (7.n) reaction
in 90Zr (a) and 91zr (b> . The points and

the dashed curve are experimental; . the full

curve is the sum of two Lorentz curves

.

Table 1

No e 1 <« 0.06 iVZ/A
22,5 M e V.

J
9 (E) dE,

r«p,
M«V 9—1,0 .00225A*A

"Zr 1.33 1,27 4,0 0.91
*lZr 1,35 1.42 4,2 1,02
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E. J. Winhold, B.H. Patrick, E. M. Bowey, and D.B. Gayther
REF

' PIGNS-73, Vol. I, p. 701 Asilomar
EL EM. S YM.

Zr 91 40

METHOD RET. NO.

73 Wi 6 hmg

SOURCE DETECTOR
REACTION RESULT ENERGY TYPE RANGE TYPE RANGE

angle

G,N ABX 7- 11 G 7- 11 TOF-D 130

PEAK AT 9. 1 MEV

Table I

Reaction
Thres-
hold
(MeV)

Energy
Range of
Experiment
(MeV)

Observed Peaks
Peak
Energy
(MeV)

J— at peak

(mb/s ter.

)

peak

8T
Sr( 7 ,no

) 8.44 9-4-11.1 (MeV-mb)

87
Sr( 7 ,n1 ) 9-52 10.5-11.1

?1
Zr(7>n

Q
) 7.19 7.3-10.3 9.1 1.2 20

97No(7,n
Q ) 6.82 7.3-9.

2

8.1 0.3 3

L13
Cd(7^n

o
) 6.54 7. 4-9.3 7.7 0.9 7

L17
Sn(7,n

o
) 6 . 9(1 7. 6-8.

8

7.3 2.5 20

U
‘^Sn(7»n

Q
) 6.48 7. 1-9.0 7.8 1.6 18
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Her.

H.J. Askin, K.J.F. Allen, M.N. Thompson, K. Shoda, M. Sugawara,
H. MIyase, and B.N. Sung

Nucl. Phys. A220, 241 (1974) Zr 91 40

METHOD
Page 1 of 3

REF. NO.

74 As 4 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLETYPE RANGE TYPE RANGE

G,P SPC 8- 30 C 30 SCD-D 90

E,P SPG 8- 30 D 20- 30 MAG-D 90

Summary of resuits

Target Proton energy

E, (McV)
Excitation energy (MeV)

apparent actual

Residual levels
d**y

*°Zr 9.6 17.9 (19.4)
J
) (1.5 MeV, :.'-)

')

11.

1

19.4 19.4 g-s.. i-
10.7 19.0 20.5-20.3

(20.7) -)

<1.74 McV, ]-)')

12.5 20.8 20.8 g.s., J“
11.3 19.6 21.2-21.4 1.5 MeV, .1 - or 1.74 McV. '

'

10.2 18.5 (21.4) •) (2.S8 MeV, I-) 3
)

90y •

’’Zr 9.5 18.2 19.7 “) * 1.5 McV 0
)

11.0 19.7 (19.7-19.9) 3
) g.s., 2” or 0.2 MeV, 3*

10.7 19.4 20.8-21.2

(21.1) ')

1.4-1.

8

(1.7) “)

12.5 21.2 (21.2) ‘) g.s., 2- or 0.2 MeV, 3*

11.3 20.0 21.5-21.8 1.5-1.

8

10.

1

18.8 (* 21.5) •) (» 2.7 MeV) *)

*) Musi probable.
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REF.
I

EL EM. SYM.

Zr 91 UO

REF. NO.

7U To 2 nng

R.E. Toohey and H.E. Jackson
Phys. Rev. C£, 3^6 (197U)

method

REACTION RESULT
EXCITATION
ENERGY

SOURCE

G,N LPT 7- 9

Gamma ray widths correlate with
neutron widths for p resonances.

3/2

CHANNEL NUMBER

DETECTOR

TYPE

TOF-D

ANGLE
RANGE

135

TABLE I.
,lZrty,n) 90Zr resonance parameters ob-

tained from threshold photoneutron measurements at

Argonne National Laboratory, j '=3” except as noted,

E
(keV)

E„{RC)
(keV)

£„<exp)

(keV)

^yO
(eV)

6.82 7.23 7.25 0.10

25.2 26.46 26.46 0.12

27.7 28.7 28.8 0.02

34.0* 35.2 35.4 0.06

38.0 39.3 39.5 0.05

39.1 b 40.5 40.4 0.21

39.9 b 41.3 41.3 0.63

43.2 44.7 44.6 0.05

59.7 61.7 61.9 0.05

63.1 65.1 65.3 0.16

66.3 68.4 68.5 0.11

70.6 72.8 72.5 0.02

73.5 75.8 74.5 0.04

79.7 82.2 82.1 0.07

84.5 • 87.1 85.8 0.07

89.8 92.5 92.9 0.05

93.0 b 95.7 95.8 0.03

94.3 b 97.2 97.3 0.10

97.4 100.4 99.1 0.03

102.0 105.1 105.6 0.28

105.9 109.0 109.3 0.04

106.8 110.0 110.3 0.33

116.4 119.6 119.0 0.00

124.5 126.3 127.3 0.05

126.3* 130.0 129.8 0.23

129.9 133.7 134.2 0.33

134.9 138.8 139.0 0.12

141.1 145.2 145.3 0.08

151.3 155.6 156.1 0.17

157.4 161.8 163.4 0.11

161.3 165.9 166.5 0.26

166.9 171.6 172.6 0.28

171.8 176.7 177.7 0.57

175.7 180.7 181.6 0.01

179.0 184.1 184.3 0.11

184.2 189.4 190.1 0.11

193.7* 199.1 198.7 0.21

204.2 209.9 211.4 0.11

207.6 213.4 215.2 0.09

214.4 220.4 220.3 0.37

* An s-wave resonance; =
b Not well resolved

FIG. 3. A portion of the threshold photoneutron spectrum of ,l Zr. Prominent resonances are labeled with their ener-
gies in keV.
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*«'• F.R. Metzger
Phys. Rev. C T6_, 597 (1977)

CL CM- JVM. A
:

^

HJTHOO

Zr

AfE. NO.

91 40

77 Me 6 hmg

REACTION aesult EXCITATION
EN E AOV

JOUACE oetectoa
ancle

TYPf N AN 61

G.G LFT 1 - 5 C 1-5 scd-d ost
(1.205-4.704) (1.85-5.0)

Using electron bremsstrahlung with up to J-MeV end point energy, the resonant scattering of y rays by an

enriched sample of *'Zr has been studied. Substantial resonant scattering was observed from 14 levels. Aa

additional 17 known levels were found to give rise to marginal peaks or to no observable scattering. In a few

instances, the transition strengths corresponding to the resonance fluorescence yields could be compared with

the results of other lifetime measurements and with the strengths expected under different assumptions

concerning the nature of the levels involved.

14 LEVELS 1.2-4. 7 MeV

TABLE n. Properties of the nZr levels studied with

bremsstrahlung of energy -5 MeV.

£Uni
1 (MeV) r b

*MC r„/r e *r07r 4 (roeV)

(1 .205 )
1
•

T 1.0 0.07 ± 0.11

1.466 (1)
3
•

T 1.0 lJ ± 0.4

1.882 (1 )

T •

T 1.0 8.0 ± 1.1

2.042 (1 )
3

T 1.0 27 J ± 2.6

2.132 (1 )

»*

T 1.0 6.3 ± 0.9

(2 .190 )
5
-

T 1.0 0.5 ± 0.5

(2 .201 )
T »

T 1.0 1.5 ± 0.8

2.367 (1 ) (fir 1.0 6.5 ± 0.1

(2 .557 )
t
*

T 0.8 0.8 ± 0.6

2.577 (2 ) <T>*
1.0 3.6 ± 0.9

(2 .641 ) (jr 1.0 4 ±2

2.694 (1 ) (f
-

1.0 24 ±4

(2 .776 ) (ir 1.0 4 ±3

2.811 (1 ) (f- 0.78 23 ±4

3.108 (3 )

J *

T 8 ±3

(3 .235 )
i- j

-

T *T 1 ±3

(3 .317 )

T * S
*

T *T
3 ±3

3.476 (1 )
l- 3*

T *T 1.0 90 ±10

3.576 (1 )
t * 3"

T • T 40 ±7

3.631 (3 ) (Tr 1.0 46 ± 18 *

3.704 (3 ) 25 ±9

4.322 (2 )
1 - 3

-

T * T 70 ±30

(4 .674 )
1 » 3

*

T *T
50 ±30

(4 .704 ) 80 ±40

‘For weak excitations, the energies, given in paren-

theses, were taken from the literature (Refs. 2, 3, 5,»

17, and 18). For well-defined excitations, the energies

determined in the (y,y) experiments are listed, with the

uncertainties in units of the last digits given in paren-

theses.
* From Refs. 5 and 18.

'Based on Refs. 2, 16, and 17.

“Results of the (v,y) experiments described in this

paper.

•The larger error reflects the fact that a contribution

from the 3.634-MeV level in
l3C had to be subtracted.

2
J.E. Glenn, H.W. Baer, and J.J. Kraushaar, Nucl

.

Phys. A! 65 , 533 (1970)

3
A. Graue, L.H. Herland, K.J. Lervik, J.T.Nesse,

and E.R. Cosinan, Nucl. Phys. A! 87 , 141 (1972)

5
H.P. Blok, L. Hulstman, E.J. Kaptein, and J.

Blok, Nucl. Phys. A273 , 142 (1976)

16
C. Borcea, E.R. Cosman, W. Duennweber, E. Grosse,

M. Maier, K. Pingel , D. Proetel , and P. von

Brentano, Annual report, Max Planck Institut

fuer Kernphysik, 1970 (unpublished), p.52

17
S.S. Glickstein and G. Tessler, Phys. Rev.

C 10., 173 (1974)

Verheul and W.3. Ewbank, Nucl. Data B8 ,

477 (1972)
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i<cf. P.F. Yergin, 3.?. Fabricand

phys. Rev. 104 . 1334 (1956)
Elcm. Sym.

Zr 92 4o

Method
24 MeV betatron; 250r Victoreen in 3*75 cm- Lucite; neutron detector

Ref. No.

36 Ye 2 EGF

Reaction E or AE
s

<7d E

73
J

=1.24 MeV-b
' 0

J Tt Notea

Zr
92

(7, am)
Bremss,

24
16.9 5.5 MeV

Fig. 5. (>«.** ^rtmns for the (y.n) reactions in zirconium

isotopes. Short d:islu-> Zr", long dashes Zr81
. full curve Zr". The

previously published Zr" and Zr*‘ results have been recomputed,

taking into account the present Zr" measurements. The single

and double slash marks on each curve represent the locations of

the (y.pm and - In 1 thresholds respectively. The units of the

ordinate are II) • n»*

Table III. Parameters of giant-resonance cross-section curves

for (y,n

)

reactions in nuclei near 50 neutrons. Nuclides n.\s :i

«iNb", and , sRh l0J from reference 4, <oZr* and «<>Zr'1 from reference

5 recomputed in present work. Neutron number is shown in

column 2, location of peak cross-section value in column J. peak

cross-section value in column 4, half-height width of curve ;n

column 5, and area under curve from threshold to 23 Mev in

column 6.

Nuclide .V
Em

(Mev)
9m

i millibarns)
r

(Mev)
A"*dE

: Mev-barr.si

jiAs 7 * 42 17.3 90.3 9.0 0.80

i»Sr** 48 15.9 160 5.0 0.92

uSr17 49 15.8 146 5.3 1.00

«SrM 50 16.3 201 4.0 1.05

»Y« 50 16.3 191 -3.8 0.S7

,«Zr» 50 15.8 199 4.3 0.98

ioZr*
1 51 16.5 200 5.0 1.22

,oZr" 52 16.9 193 5.5 1.24

,iNb» 52 17.0 195 6.8 1.46

^Rh 10*
. 58 16.5 205 8.9 1.94

rO ru NBS-418
18 - 1 -53 )

uscomm-oc lasss-Psa

PHOTONUCLEAR DATA SHEET 423
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S. C. EUltz, R. L. Bramblett, B. L. Berman, and J. T.

and M. A. Kelly
Proc. Gatlinburg Conference 397 (1966)

METHOD

Caldwell
EL EM. SYM.

Zr 92

REF. NO.

40

66 Fu 2 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABI THR-28 D THR-28 BF3-I 4PI

G,2N ABI THR-28 D THR-28 BF3-I 4PI

TABLE 1

Integrated Cross Sections for Zirconium and Yttrium

Isotope

Emma

a = hat dE
(MeV - barns)

E...

>> 3 IE
(MeV - barns) b/a

E„„
(MeV)

"Zr 0.380 0.108 0.110 28
*'Zr 1.078 0.202 0.187 30
"Zr 1.096 0.447 0.408 28MZr 1.041 0.577 0.554 30
**Y 0.991 0.095 0.096 28

form NBS-418
(REV. 7-14-64)
U3COMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 424
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REF
‘ B.L. Berman, J.T. Caldwell, R.R. Harvey, M.A. Kelly, R.L.

and S.C. Fultz
Fhys. Rev. 162, 1098 (1967)

METHOO

Bramblett

,

ELEM. SYM.

Zr 92

REF. NO.

40

67 Be 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N //+ ABX THR-28 D THR-28 BF3-I 4PI

G,2N to ABX THR-28 D THR-28 BF3-I 4 PI

Table IV. Integrated cross sections.

Nucleus

FlstC(>.»)+

(McV-b)*

»isi(t.2n)

(McV-b)* (McV)

» 11.1^7.2*)

ei»t(7. total)*

( }r)»mr
(McV-b)

0.06^VZ/A
(McV-b)

Y" 0.94 0.10 28 0.10 1.14 1J1

Zr" 0.96 0.10 28 0.09 1.16 1-33

Zr** 0.83 0.20 30 0.19 1.22 1-55

Zr" 0.65 0.45 28 0.41. 1.23 1-36

Zr" 0.43 0.58 30 0.56* U2 1-38

• All measured integrated cross-section values are given for an energy region from threshold to For the Z

i

K and Zr" eases, it was necessary to

extrapolate the low-energy part of the total photoneutron cross section down to threshold: the error introduced in this process, however, is less than 04%.
» The word "total

-
’ in this table refers to the total photoneutron cross section »([t.«> +(y,fim) +(y.2m) +(yjn)]. and excludes the (y.y) and (y.»

• This value includes the contribution of #i«(yjn), which equals 0.03 MeV-b from threshold to 30 MeV.

180
1 ^

,2

r :

:

—

—

I

-1

160

Zr”

140
t

! »[(y.n) fy.pni]

A
120

i \ 1
t

j l

s 100 - *

o
.it

l
o

80
?

(a) v»
.? s

k
lA
tf)

O 60 - * _

<Tu
40

i';*r

l!

20
F

( y.2n) (y.pn) », f
.
^ r——

i I I i i i i : ii : i i i i i : i_
10 12 14 16 18 20 22 24 26 28

photon energy imsvi

photon ENERSY IMsV)

Fig. 11. (a) Total photoneutron cross section for Zr**. fb)

Single photoneutron cross section for Zr". (c) The (7,2n) cross

section for Zr".

form NBS-4I8
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ref. S. C. Fultz, R. L. Bramblett, B. L. Berman,
and M. A. Kelly

Proc. Gatlinburg Conference 397 (1966)

METHOD

J. T. Caldwell. ELEM. SYM.

Zr 94 40

66 Fu 2 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABI THR- 30 D THR-30 BF3- I 4PI

G,2N ABI THR-30 D THR- 30 BF3-I 4PI

TABLE 1

Integrated Cross Sections for Zirconium and Yttrium

Isotope

a = dE
(MeV - barns)

E».
b 3 I<JrtmdE

(MeV - barns) b/a (MeV)
*#
Zr 0.980 0.108 0.110 28

“Zr 1.078 0.202 0.187 30
"Zr 1.096 0.447 0.408 28
MZr 1.041 0.577 0.554 30
**Y 0.991 0.095 0.096 28

form NBS-418
(REV. 7-14-041
U3COMM-OC 20010-P04 PHOTONUCLEAR DATA SHEET 429
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REF
- B. L. Berman, J. T. Caldwell. R. R. Har ay, M. A. Kelly. R.L. Bramblect

and S.C. Fultz

ELEM. SYM.

Zr

A

94

Z

40

METHOD REF. NO.

67 Be 2 hmz

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLETYPE RANGE TYPE RANGE

G.N IV ABX THR-30 0 THR-30 BF3-T 4 PT

G.2N i*y ABX THR-30 D THR-30 BF3-I 4 PI

Tablx IV. Integrated cross sections.

Nucleus
n.tC(7.")+(7,F")]

(MeV-b)*

n.»(7,2R)

(McV-l»)»

£.-«
(McV)

ei.|f7,2»)

#u«(7 ,
total) 4

fU)#-r
(McV-b)

0.0CJVZ/A

(McV-b)

Y" 0.94 0.10 28 0.10 1.14 1-31

Zr" 0.96 0.10 28 009 1.16 1-33

Zr" 0.88 0.20 30 0.19 1.22 US
Zr" 0.65 0.45 23 0.41 1.23 1-36

Zr" 0.43 0-58 30 0-56* 1-32 1-38

• All measured Integrated crow action value* arc given (or an energy region from chmhold to For the Zr- and Zr— casri. it wit necessary to
extrapolate the low-energy part of the total photoneutron cmn section down to thresliold : the error introduced io this process, however. Is less than 0.5%.

• The word "total” la this table refers to the total photoaeutroo cross section *(C7.*) -Ht.**) +(7.i«) -t-(7,J»)3* *ad eacJudet the (7*7) and (7.#)
cross sections.

• This value Includes the contribution of #t«(7r)a)» which equals 0.01 MeV-b from threshold to JO McV.
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form NBS-418
(R EV. 7-1 4-04)
USC OMM-OC 26 0 1 0- P64

« 0 2

»-0itu» ts* *Cr , I

(d) ~ S-

1

I.
1

i.im !, •[;.

Fio. 12. (a) Total photoneutron cross section *C(7,»*)+ (y./>»)

+ (7,2»)+(7,3ii>3 for Zr". (b) Single photoneutron cross section
for Zr**: (c) The (7 ,

2*) cross section for Zr". (d) The (7r}»)
cross section for Zr".
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A=93

Niobium is a metallic element closely associated
with tantalum in ores and in properties; it was

named in 1844 by the German chemist Heinrich Rose
after the goddess Niobe, daughter of Tantalus.
It was first discovered in 1801 in a New England
mineral by the British chemist Charles Hatchett,
who called the element columbium. By international
agreement in 1949, chemists established the name
niobiun but the name columbiun persisted strongly
in the U.S. metallurgical industry.
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ELEM. SYM. A

Nb 93 41

REF. NO.

58 Ch 2 NVB

i.G. Cnidley, L. Katz, S. Kowalski

Jan. J. Phys. ^6, U-O'J ( 1958 )

Betatron

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANCLE

TYPC PANOC TYPC RANGE

G,N RLY THR C THR BF3-I kPI

TABLE I

THRESHOLD

Measured fhotoneutrox thresholds

Measured Other Q values.
Reaction Q value, Mev. Mev. Method Reference

Nb“(v, »)Nb“ 8.86±0.05
8.70 ±0.20 Threshold Sher et al. (1951)
8.69 ±0.40 Mass data Wapstra (1955)

See 58 Ka 1 for cross sections.

4- *.41

?«010.P«4

U.S. OEPA«TMc ."sT Cr CO.v. “E
N A riON AL 0UH . AoOr i : Ar, ,J... J

PHOTON’JCL EA R DATA SHEET 433



L. Katz, G.B. Chidley
Nuclear Reactions at Low and Medium Energies (Academy of Science,

USSR: 1958) 371

c. w c.m. j 1 r

Nb 93 41

Betatron; neutron cross section; BF^ counters; ion chamber monitor
REF. NO.

58 Ka 1 NVB

REACTION RESULT excitation
ENEROY

SOURCE oetector
ANCLE

T Y P 1 NANCE

G,XN ABX 9-22 C 9-22 BF3-I 4PI

T a 6 a u a. a 2

IIopoiu ucnycKOHU* tfiomoneumpoxos

•ORM N 3 S- 41 I
• ev . 7-1 4-

a

4 i

*uM.r»c ;«o t p«4

U.S. DEPARTMENT OF COMMERCE
NATIONAL IURCAuOF ITANO*«OS

PKGTGls'o'CLEAR DATA SHEET 434
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form NBS-418
(8*1*63)
USC OMM* O C 1 8 88 6* R 63
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R*f. M.E. Toms, J. McElhinney
Phya. Rev. Ill, 561 (1958)

Elea. Sym.

Nb 95 41

Method
Betatron; alpha yield; nuclear emulsion

TeL tio.

58 To 2 NVB

Reaction E or AE <7d E J " Notes

• Nb95 (7,cr) Bremss.

22

Yield = 0.5x10 alpha/mole/roentgen

C.C1-

\h
1

1

;o so
atc.“.-C

~o
-is z

.0 70

i i>;. S. riioto-:!.‘;iLi yields pioUorl iicrair.jt .ii.or.iic numbers
:or ;he exposures oi ilic survey.

1_E
form NBS-418

UICOMM'OC 1ISS«-P«S

U.S. DEPARTMENT OP COMMERCE
NATIONAL BUREAU /OF ITAI'rAROJ

PHOTONUCLEAR DATA SHEET 436



Ref. W.C. Barber, V.J. Vanhuyse
Nuclear Phys. 16, 381 (i960)

Method Stanford Mark II accelerator; virtual and real photon spectrum from
electrons; magnetic spectrum; KI scintillator crystals.

Elesu Sym.

Nb 93

Ref. No.

60 Ba 5

41

JHH

Reaction E or AE

"$0

f
=230±25$ MeVmb

0

<7d E J w Notes

Nt95(r,p)
E
e.
= £to jadE from calculated real and virtual

photon spectrum.

Fig. 14. Excitation of a group of protons from Nb as a function of primary election energy.

The curve was drawn arbitrarily.

Vi- t. Energy distribution oi protons from Nb. The curves are ciiculitcd d.stnbutions arbitrarily

normalized.

Fig. 9. Angular distribution of protons from Nb. The curve ts a plot of the expression (1.31— 0.15 ^

cos 8+0.41 s.n*«+0 Mco. 8 s.n*8) x iO—
.
which is a lour-psrsmeter least-square. (it to the data.

F'*' U^D.IferenUai cross section (or produce* protons (rom Nb ns a unction o( photon enerey

The histogram was drived by a photon-difference analysis of fig. 14.

form NBS-418
(8-1-63)
U3C OMM-OC 18BS6-P63

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

PH0T0NUCLEAR DATA SHEET 437



W.C. Barber, V.J. Vanhuyse
J. Phys. Radium 21, 299 (i960) Nb 93 4-1

METHOD
Linac; proton spectrum; angular distribution; magnetic

spectrometer

REF. NO.

60 Ba 6 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE

G,P SPC 17-4o C 10-40 MAG-D 5-18 DST

Fic. .1. — Distributions .wujulaires. E9 =» <0 Me\.

x Ep = :».05 — 6.55 MeV :

l -r n. sill* Of | 4- u HO rns OK
O E9 — 5,73 — 7, *3 MeV ;

t 4. o.:u sin* 01 1 4- 0.00 cos OK
S £, =. 7.0.'» — *i.G5 MeV ;

t -f» 0,.l7 sin- Oil -r 1,-0 cos 0)

dc photons reels rty (produits par le ravonnement de
fremage dans l'emetteur secondaire, les fenetres et
la cible) et du nombre de photons virtuels nt dans
la cible. II a ete tenu compte de nT et de n0 dans
le calcul de n(E^ k). Pour le caicul de n0 on a sup-
pose qu on avatt des transitions E

x.

c — somme d'isochromates de 17,21 et 25 MeV ;
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K. N. Gelier, J. Ha L pern, and £. G.

Phys. Rev. 118
,

1302-12 (i960)

METHOO

Muirhead

Nb

REF. NO.

95 M

Betatron; neutron threshold; ion chamber 60 Ge 3 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPt A AN OK TYPK AANOK

G,N N0X THR C THR BF3-I 4 PI

THRESHOLD

lintel Itm No. rum I’mcnl mulls Other rcxulls Method Reference

Nb"(7>»)Nb- 8.78±0.06 >8.61 ±0_52

8.86 ±0.05

mess data,

Q(«)
threshold

m
n
f

. tit = "••‘T"1 StHdroicopy (CambridL. J. Lidolsicy, Revs. Modern Phyw. 29, 773 (1957),7.1 flOCTt 7

<m H 3 S- 4.8
J M 4. 041

U.S. DEPARTMENT or COMMERCE
NATIONAL IIUPEA"')' STANOA.IPS
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Ref. R.E. Welsh, D.J. Donahue

Phys. Rev. 121, 880 ( 1961 )

Method

Monoergic y's from thermal n-capture; activation

Reaction E or AE
S
a dE J "

Elem. Sym.

Nb 93

Retf. No.

61 We 1

in

JHH

Notes

Oyj*0 8.997
9.30
9.73

Measurement of 0.930 MeV y from decaj

of Nb92.

Data in Table II (millibarns). Fig. 6

E toU . - 8.99 ± 0.04 MeV.
y thresh. "

Table II. Summary of measured cross sections.

y-ray source

\ Energy (Mev)
Reaction\

Co Fe

7.49 7.64

A1

7.73

Cu

7.91

Cl

8.56

Ni

8.997

Fe

9.30

Cr

9.72

Fe

10.16

X

10.83

Ta l“(7,n)Tal“- 0±0.05 0.5±1 4.8±1.6 14±5 32±16 44±15 83±33 120±48
Au“7

(7,n)Au‘M 0±2 34± 17 44±I1 64±30 80±30
Ho l“(7.n)Ho‘« 0±0.1 29± 15 30± 18 46±21 86±31 260±93
Nb>»(7,»)Nb" 0.008±0.005 1.0±0.4 2.4±0.7
Agu>, (7,'»fAg ll>4 ... ... 0±0.1 4.4±1.5 22±16 23d=7.5

] L

form NBS-418
(0-1-631
USCOMM-OC 100S6-P63
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Ref. O.M.M. Mitchell, K.G. McNeill

Can. J. Phys. ^1, 87 1 (1963)

Elem. Sym.

Nb 93

kef. No.

63 Mi 5

4-1

Method
getatron . proton yield; angular distribution; scintillator;

ion chamber NVB

Reaction E or AE <7d E J rr Notes

Nb95 (y,xp) Bremss.
22

d 3/2 f 7/2
_l

<3 9/2

i i

z 10 - x 10
ui 1

i !

5 a-

I

YIELO OF FAST RhOTCPRGTONS

Z 4 -
O

I

V3C
2 t-

CO

10 20 20

Z

40 30

L

RATIO S/s IN

^ 3
a

2
< 2

20 40 50

> 1 - i<t ;..-j
1
ili< • >|>r< .t • -ii « > "Miv. from i.ii”ti- •>( v.irimu

»>..(« *4 \\nl> .*.* Mi x l.r« 11.--T iiti.H.». I lu* i.h^i-i il.n Liu—t * r;mi;r I rmn
•I m ; t n M. •. 1 r

|
*r« .1 «... -

. I lu- . rn.r. I ..« •i.m-in .il.

— i .
.

j »\ . 11 ui •> •

1

inr i.t'l
t
>!•• •!• *| >r< .11 •> • > N \U 1 • Irmu l«» vli'llll'iit*.

re *l.ill'll ii •>!.

Angular distribution:

Y(0) = a + b sin^0 (l + p cos 9 )^

where a = 23±8; b = 71±13;

p = 0.1±0.1; and b/a = 3* Oil. 2.

Yield (K
p
> 8 MeV):

(2.8±0.7) 105 protons/mole-r

.

Yield (3.7 < E
p
< Ik):

(21±2 ) 10
5

Kir,, i. The value* «iI ihc f.i-t phmopmmn .uii«>iru|»\ . >*-nii ient 6 .1 f.Himl |»v rhe
author* • #< ..i.il mher H'-rier* iO> "» »hc rn*u.n «4 the |irr..-lir r.iliic >0 < Z < .a* ,\rru%»
iiuiirate ml—r.ilc pn*u(«. I hc reference* in the rv*ull* <4 other worker* arc »ivci> n« TaMe li

The liciurraimni arc opUmcti in ibe teat.

FORM NBS-41 :

( 8 - 1 -93 )

USCOMM-OC 18539-P93
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Ref- R.M. Osokina
Zhur. Eksp. i Teoret. Fiz. 44, 444 ( 1965 )

Soviet Phys. JETP IJ, 303 ( 1963 )

Elem. Sym.

Nb 93 4l

Method
3© MeV Synchrotron; emulsions

JHH

Reaction E or A E
s

<7d E J rr Notes

(y>p)

19.5
23.5
27.5

Relative yields:
(Ep

^ 3 MeV)

1.00 ± 0.04
1.58 ± 0.04
2.22 ± 0.10

Jta.
fl

Measured yeilds ) by factor of 10
than statistical theory including
effects of nuclear pair correlation
predicts.

FIG. 4. Dependence of photopratoa yield Yp end photo-

nsutroa yield Y„ from Nb" on £TUI. For Yp : k- present

work, e— 1*1, e— H; the yields have been multiplied by the
>

factor S. For Y.: a and •— measured in ("1 and l"), respec-'

lively; the smooth curve was obtained in t‘"l.

3. Angular distributions of photo-

\ from Nb” for E-ym,, = 19.5 MeV (a),

MeV (b), and 27.5 MeV (c). The histo-

grams are the experimental results. The

•ooth curves represent distributions of the

forms 1(0) » a + b sin
1 0 and 1(0) • a

+ b sin1 0 + c sin1 0 cos 0. The parameters

a, b, and c obtained by least squares are

given in Table Q.

FIG. 2. Energy distribution* of photoprotons from Nb*1
for

Erv— - 19.S MaV (a). 23.S MuV (b). and 27.S MeV (c). The
histograms am thn nxpnnmuntal spectra. Thn daahnd histo-
(raa in Fig. 2b is thn photopratoa spectrum of Mo". I’ I Thu
smooth curves uiu spnetra computed from the evaporation model
for level density cj, taking account of pair correlations. Thn
dashed curve in Fig. 2b is the same, neglecting pair correla-
tions. Arrows indicate the maximum poaaible proton energy

*» mm* • - Bp.

Table . Angular distribution parameters obtained

by least squares

Vy*u.
\ M«V (•4 3.5 n.s

4,
» \ C/S

AH
protons

>3 MeV

50.0±
±5.1

45. 1±
±7.3

0.75±
±0.18

63. 7±
±4.7

34.4± !0.54±

±6.5 j±0.15

75. t±
mb.

21. 3±
±6.8

- 0.2S±
=0.11

-

3—6 MeV 26. 5±
±3.2

8.5±
±4.4

0.32±
±0.20

22. 1±
±2.8

3.0±
±2.7

0.14±
±0.13

25.4±t
±2.8

—3.1±
±3.8

- -0.12±
=0.14

-

6—tO MeV 29.9±
±3.9

37.3±
±5.6

1.25±
±0.34

31. t±
±3.3

26. 2±
±4.9

0.84±
±0.25

35. S±
±3.2

12. 3±
=4.5

0.36±
±0.17

5
>10 MeV 3.6± —0.7± —0.19± 10. 5± 5.2± 0.49±

±0.33
14. 3± tl.6± 10. 6± 0.3l± 0.74±

±1.3 ±1.7 ±0.53 ±1.8 ±2.5 ±2.2 ±3.2 ±5.1 =0.3'. ±0.22

tO-llMeV — — — — — — 8.4±
±1.8

6.1±
±2.2

2.2± i0.72±
±2.1 1=0.39

0.26=
±0.20

>t2 MeV — — — — 5.9±
±1.5

5.6±
=2.1

7.8± ,0.94±
±1.9 1=0.53

t .31=
-0.39

U.S. DEPARTMENT OF COMMERCE
4ATIONAL BUREAU OF STANDARDS
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J. A. Scheer, K. Schlupmann und F.

Nucl. Phys. ^6, 113-116 (1964)

METHOO

T riantaf yl lid is
EL EM. SYM.

Nb 93 41

Betatron 64 Sc 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,A SPC THR - 33 C 33 SCD 6- 14 90

ABS YIELD

Tabelu 1

Mefldaten und Ergebnisse

Ti Ni Cu Nb

Targetdicke (mg/cm*) 2.08 1.52 9.90 8.87
Bestrahlungsdauer (h) 52.5 55.5 18.0 84.5
Registrierte Teilchenanzahl

£ E, £ 12.6 MeV) 1861 2376 2333 1987
Lage des Maximums E der
Energieverteilung (MeV) 6.4 8.2 8.5 11
Halbwertsbreite des Maximums (MeV) 2.8 2.8 4.0 3.5
Mittlerer Energieveriust

im Target bei E* =• (MeV) 0.4 0.25 1.7 1.1
Ausbeute in jtb/MeV •) 22±3.5 «±7 23 ±3.5 5.5 ±0.8

•) VgL Bemerkung •) in Tabelle 2.

Tabelle 2

Vergleich der Ergebnisse verschiedener Autoren

£^(MeV) Ti Ni Cu Nb

Ausbeute (10* x NJMol. r

)

Bouligue 31 58.7 50.8

.Dtese Arbeit*) 32.5 48±7 98± 15 50±7.5 12± 1.8

Toms und McElhinney 21.5 39.4 26 4.6 «»)

Relative Ausbeute

Bouligue 31 1 0.87
Kregar und Povh 30 1 0.54
Diese Arbeit 32.5 0.49±0.08 1 0.51 ±0.08 0.12±0.02
Toms und McElhinney 21.5 1 0.66 0.12 »)

4
) Die Fehlerangaben beinhalten auch die (Jnsicherheit in der Absoluteichung der Intensitlt dee

y-Strahles.

”) Dieser Wert wurde aus nur 14 beobachteten Ereignissen bestimmt.

Abb. 1. Die erhaltenen Energie-Spektren der

Photoalphateilchen aus Ti, Ni, Cu und Nb.
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(REV. 7« ( 4. 94)
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R£F. C.L. EM. JTM. L

K. Schlupmann, R. Wendling
Naturwiasenschaf ten 16, 380 (1964) Nb 93 41

METHOO REF. NO.

Betatron 64 Sc 3 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XP SPC C 32 SCI-D 2-15 90

ABY

18
MeV- ster

± 25%

I-i«. i. Uncr^icvcrtcilunt: dcr hei dcm I'n-zed “N'b(v, p)
,,

'/.r

oiitstchcndcn l’rotonu.

form NBS-418
(REV. 7-14-S4I
USCOMM-OC 280I0.P84 PHOTONUCLEAR DATA SHEET 444
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fcL tM. i Y M.REF.

W. B. Walters and J. P. Hummel

Phys. Rev. 150 . 867 (1966) Nb 93 41

METHOD REF. NO.

Betatron 66 Wa 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,2P4N RLY THR- 280 C 150,280 ACT-

1

4PI

Measured Isomeric yield ratios.

Table IV. Summary of the results for the photop rouueiioa of

the Vs7 isomers (spins i- and ]).

Target isotope

and spin

Urcmsstrahlur.g
energy (MeV)

Fraction of yield 10

ai^i-spin isomer

N3> 130 0.-12= -.00

2S0 0.-12=u.i/j

Nb» (/-:) 150

2S0 u.OO=0.i3

form NBS-418
(REV. 7.I4.64I
(JSC QMM.OC 20010* P94 PHOTONUCLEAR DATA SHEET 445
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ELEM. SYM.

Nb 41

REF. NO.

67 Hu 1 EGF

R. R. Hurst and D. J. Donahue
Nucl. phys. a91, 365 (1967)

METHOD

Neutron capture gamma rays

Table 1

Photoneutron cross sections (mb)

Fig. 1. Cross section (in mb) versus mass number of the target for gamma-ray energies of 9.00

9.72 and 10.83 MeV. The solid lines are plots of eq. (1) in the text.

Target 7.72 MeV 9.00 MeV 9.72 MeV 10.83 MeV

“Co 9.0 -t- 0.8
7*As 20.4± 1.7

“Nb 0.53± 0.10 14.6- 2.2 25.8-1- 2.1
101Rh 10.6 — 1.7 38.8± 3.1
">TAg

|

1MAg j

10.0— 1.5 37.6± 2.9

>>‘ln 17.1 = 2.6 33.3± 2.7
12,Sb 1

‘“Sb j

20.7- 3.1 42.5 ± 3.6

>”[ 38.7- 5.8 38.8 ± 3.1

‘“Cs 31.7 — 4.8 52.5± 3.8
“•La 8.61 ± 0.86 40.8- 6.5 63.0± 5.0
i.ipr

21.5 — 3.2 ’ 58.3± 4.1

‘“Eu 1 28.9 ± 3.2
l“Eu )

61.3 — 14.7 102 ±18
'“Ho 35.6 ± 4.3 92.2 -27.6 150 ±20
‘•'Ta 4.14±0.36 45.4 ± 3.7 65.0 - 5.5 146 ;zl2
“'Au 44.5 ± 3.6 68.4-13.5 160 ±15
J0.pb <34.3 238 ±29
'“Pb 22.6 i 1 1.3 280 ±31
*”Bi 36.1 ±12.0 226 -27

U.S. DEPARTMENT OF COMMERCE
NATIONAL. 0UREAUOF STANOAROS



REF
‘ S. M. Hussain and K. G. McNeiLL

Can. J. Phys. 2851 (1967)

EL CM. SYM.

Nb 93 41

METHOD REF. NO.

67 Hu 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABY THR-22 C 22 THR 4- DST

za
YIELD AT Eo = 22 M«V

Si (n,p) ACTIVATION BY PHOTONEUTRONS

Jh
%y,

ields fast photoneutrons from various elements as measured in the presentwork and by Baker. The present results have been normalized to Baker’s measurements for
lead,

SOOOr 0 PRESENT WORK
• BAKER (i960)

Pb •

H
O 1000 •

o
X

-I
o 500

z
3
O
u

100

J&3n

8cd

• SMo,C?Nb

®Zn

• •

5n;

10 30 30 70 .0

z

ANISOTROPY COEFFICIENT -<1 2

O PRESENT WORK

Z

Fig. 2. The anisotropy coefficients a,, in the formula \V(6) = a 0(l + a, P, + a. P )obtamed m the present work, and those obtained by other workers in the same part of the

TABLE I

Element a* ay a.

Nickel 77(1.0±0.05) 0. 14 ±0.04 -0.34 ±0.0*
Zinc 236(1.0±0.0t) o. or. ±0.03 —0.30±0.04
Selenium 525 (1 .0±0.05) 0.10±0.04 -0 25±0.05
Zirconium 3S0(1.0±0.05) 0.03±0.04 — 0.27±0.05
Niobium 392(1.0±0.03) 0.0! ±0.02 -0.30±0.03
Molybdenum 110(1 .<>±0.03) 0.05 ±0.03 — 0.41±0.04
Cadmium 7.V> (1.0 lO.02) 0.05±0. 01 — 0.28 ±0.02
Tin O.V»(1.0±0.02) o. os±0.02 — 0.30±0.02
Lead X 2274 (1.0*0.02) 0.06 ±0.02 -0.4S±0.02

•For comparison purposes the experimental value of ua for Pb has been normalized to coincide with
that obtained by Baker ami McNeill ( ID** I > and is the yield per mole per 100 roentgen. All other
values of at have also bet n quoted with the same normalization.
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(REV. 7-1 4-041
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EL EM. SYM.

Nb 93 41

REP. NO.

67 Kr 1 EGF

G. Kraft and R. Kosiek
Natur., Heft JJ, 337 (1967)

METHOO

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, A SPC 2-31 C 31 SCD-D 6-15 90

(30.5)

form NBS-418
(REV. 7-14-04)
USCOMM-OC 200 1 O* PO 4 PHOTONUCLEAR DATA SHEET 448
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N. G. Shevchenko, N. G. Afanas'ev, G. A. Savitskii, V.

V. D. Kovalev, A. S. Oraelaenko, and I. S. Gul'karov
J. Nucl. Phys. (USSR) J, 943 (1967)
Sov. J. Nucl. Phys. J, 676 (1967)

METHOD

M. Khvastunov,
EL EM. SYM. A

Nb

REF. NO.

93 41

67 Sh 1 HMG

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 2-3 D 225 MAG-D DST

(2,5)

G- WIDTH. J-PI

Table IV
Absolute differential cross section for inelastic scattering of electrons with
energy 225 ± 1 MeV by Nb“ with excitation of levels at 2.2 ± 0.2 MeV

9.

deg
Cross section.

cnrVsr

30 (0.245 ±0.040). 10*“
40 (1.54±1.14)-10-*»
43 (1.00 ±0.08)-10-*»
45 (6.54±0.65)-10-»
47 (6.10±0.43)-10-*
50 (2.94 ±0.26)-t0-»
52 (2.86±0.29)-10-*»
55 (1.37 ±0.12)-10-*»

9.

deg

57
60
65
67
67
70
75
80

Cross section,

cnrVsr

(5.89±0.53)-l0-«
(4.09±0.62)-10-«
(3.11±0.37).10-«
(2.42±0.276)-10-«
(2 . 42±0 . 276) • 10*n
(2.25±0.29)-l0-«
(1.08±0.16)-10*«
(4.95±0.97)-10-«

9,

deg

82
84
85
87
90
95
95

Cross section,

cm2/sr

(4. 07 ±0.76)- 10 '**

(3.23±0.72).10-»
(2.25±0.59).10'«
(2.97±0.48)-10-«
(2.62±0.52).10*»
(2.06±0.37)-l0-*»
(1.45±0.31).10-»

Fig. 6. Squared form factor as a function of momentum trans*
fer for the 2.2 — 0.2 MeV inelastic peak from Nb". The curres are
calculated in the Born approximation for different values of multi-
polarity K.

form NBS-418
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G. Kraft, R. Kosiek, R. Mundhenke and J.

Nucl. Phys. A118 . 25 (1968)

METHOO

Winter
EL EM. SYM. A Z

Nb 93

REF. NO.

41

68 Kr 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, A ABX THR-33 C 33 SCD-D 7-14 90

(32.5)

Fig. 4. Histogram: energy distribution of a-partides from Nb. Dashed histogram: results of Scheer

tt aL *). Curve: statistical-model calculation.

2
J. A. Scheer, K. Schltipmann and F. Triantafyllidis,
Nucl. Phys. £6, 113 (1964).

form NBS-418
(REV. 7-14.64)
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REF.
N. V. Goncharov, A. I. Derebchinskii , 0. P. Konovalov, S. G. Tonapecyan,

and V. M. Khvorostyan
Yad. Flz. 14, 31 (1971)
Sov. J. Nucl. Phys. 14, 18 (1972)

EL EM. SYM.

Nb 93 41

METHOD REF. NO.

71 Go 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,
PI+ RLY 150-500 G 500 CCH-D DST

PP/PI+ YIELD RATIO

Measurements are reported of the relative yield of i’ meeooe and the i'/i' yield ratio tor meaooe
with energy 40 ± 10 MeV emitted In the angular range fl iah 50—160“ la photon- Induced reactions
with Efnax 3 500 MeV with light and medium nuclei. The charged i-meson detector was a 34-cm
Freon bubble chamber with a lube for the beam. The f*/i’ yield ratio tor He*, LI*, Cu, SI**, S**,

Ca*°, and Nb“ was found to be respectively 0.94 t 0.14, 2.15 ± 0.31, 1.22 * 0.21, 1.25 a 0.15, 1.0
± 0.13, 1.11 ± 0.13, and 1.53 * 0.25. It was established that the r’-meson yield follows a ZA' Ul

Law.

FIG. 2. Relative yield of r* meson* per nucleus as a function of
siaas number A.

*'/•’

FIG. 3. w'lw* yield ratio as a

function of mass number A.

ii-

’> I-

I

"l
hi

•h u ; «i

• t * ir *// jo #/» tsmm 4

form N3S*418
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A. Lepretre, H. Beil, R. Bergere, P. Carlos, and A. Veyssiere

Nucl. Phys. A175, 609 (1971)
Nb 93 41

METHOD REF. NO.

71 Le 1 egf

REACTION RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLETYPE RANGE TYPE RANGE

G ’ N 3(»1
ABX 9-24 D 9-24 MOD-

1

4PI

G . 2N 3TB+ ABX 16-24 D 9-24 MOD-

1

4 PI

PARTIAL CROSS SECTION Of UIC3IUH

Fir. 5- Partial photoneutron cross sections a(y, n) and a(y, 2n) of *sNb.

Tails 1

Lorentz line parameters corresponding to (its shown in fig. 6.

Rb Sr .tY *°Zr 93Nb

<r, (mb) 192 -10 207 ±10 225 ±10 211 ±10 202 ±10

r, (MeV) 4.1 ± 0.13 4.2± 0.1 4.1 ± 0.1 4.0 ± 0.1 4.7± 0.2

£, (MeV) 1 6.75± 0.05 16.7± 0.05 16.7± 0.05 1 6.65± 0.05 1 6.5± 0.05

Tabu 3

Integrated cross sections (the notation used is defined in the text)

Rb Sr
* 9Y -°Zr 91Nb

a„ (MeV • b) 1.14 ±0.06 1.42 ±0.07 1.36 0.07 1.26 ±0.07 1.33 ±0.07

<r«

0.06 NZA-'
0.91 5 ±0.05 1.09 ±0.05 1.04 ±0.05 0.95 ±0.05 . 0.97 ±0.05

</_, (mb) 67±4 80 ±5 77 ±5 71 ±5 79 ±5

a. j (mb • MeV*') 4 ±0.2 4.6 ±0.2 4.4 .:.0.2 1 0.2 4.8 ±0.2

£* (MeV) 24 27 27 26 24
(gver

)
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TOTAL PHOTO NCUTMON CROSS . SECT IONS

e iw»v)

Fig. 6. Total pliotoncutron cross sections <r r of Rb, Sr, •*Y, **Zr and ’’Nb and best one Lorentz

line fit corresponding to parameters given in table I.
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REF.
I
ELEM. SYM. A

Tatsuya Saico
Nippon Kagaku Zaashl 9_2, 164 (1971) Nb 93 41

METHOD REF. NO.

71 Sa 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLETYPE RANGE TYPE RANGE

G.N ARY 8-68 C 10-68 ACT-I 4PI

Nippon gopak* ZouM. 92. H4— 1*8(1971)

Tbo Yield* «l Rodlooctlvitio* Induced by [f, n) Reection*

with Iromtstrohlung up lo il MeV

bv Tolwvo SAITO

Tlie (r, a) yields of 12 target nuclides have been measured

al 10, 13, 16, 30, 43 and 00 MeV brciiitMrahlung by obarrv*

ing die induced activities.

Tlie energy dependence of (lie yield* lia* been invr\tigal<-ri

extensively in tlie ume way a* in lire previous work at 20

MeV lirrtiMitrahliing.

In tlie rase of lieavy nuclides, llw yields rise greatly as a

function of maximum bombarding energy up to 20 MeV, and

ris gradually from 20 MeV up lo 68 MeV. However, in I lie ease

of light nuclide*, tlie yields rise greatly up to 30 MeV, because

the neutron separation energies of light ones are larger than

those of heavy ones, and tlie bremsstrahlung spectrum covers

the giant resonance and so the yields rise gradually from 30

MeV up to 68 MeV.
The yields have approximately been* estimated from the

parameter of tlie giant resonance, that is the prak cross section

and the half width, in order to comfiarc with tlie experimental

data. As a result, tlie experimental data of light nuclides and

lieavy ones are nearly in agreement with tlie estimated data

of Nathans et al., Johna ct al. and Montaibclti et al., but rinse

of medium weight ones arc relatively lower values.

Dtpariuaaat •/ Cktmulry, Fatuity •/ Stianta, Tabaka UaiaaraUy;

Katahira-tha, SaaJai-tki, Japan

n * s
• : T.tttt. ©: John* *,
Ol Nathans 6i 0< Monlalbrtti

4 (r.a)S£«a*Ott«

form N3S>418
IR EV. 7-1 A- 841
USC OMM-OC 280 I 0-P84 PH0T0NUCLEAR DATA SHEET 454
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R.F. Barrett, J.R. Birkelund, B.J. Thomas, K.S. Lam, and H.H.
Nucl. Phys, A210 , 355 (1973)

METHOO

Thies

. C.M . a r m.

Nb 93 41

REF. NO.

73 Ba 20

REACTION RESULT
. EXCITATION

ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N NOX THR- 27 C 10- 27 BF3-I 4PI

e£f_

Fig. 12. Experimental values of the level density parameter a, (Fermi gas formula plus pairing cor-

rection) versus atomic number A. The continuous curve is a least-squares fit to the data of a

theoretical calculation from Newton l3
).

MEAN NEUT ENERGY

1

H. Baba and S. Baba, Japan Atomic
Energy Research Institute report
JAERI-11&3 (1969).
2

H. Baba, Nucl. Phys. A159 , 625
(1970).

15

T.D. Newton, Can. J. Phys. 34 ,

804 (1956).

Fig. 15. Ratio aM!a9 versus atomic number A. Here aobm is the level density parameter taken from

the neutron resonance work of refs. *• 2
), and a9 is the level density parameter derived from the

present (y

,

n) work. Filled circles represent points where nuclei in the neutron resonance and in the

(y, n) experiment were the same. Open circles represent points where the respective nuclei were

approximately matched. Triangles represent points which are based on measurement of neutron

mean energies at two bremsstrahlung energies only.

(over)

form N3S-418
(« EV. 7-1 4- 94)
U5COMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 455
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REF.

N.V. Goncharov, A. I. Derebchinskil, 0. G. Konovalov,
S.G. Tonapetyan, and V.M. Khvorostyan

Yad. Flz. 17, 242 (1973)
Sov. J. Nucl. Phys. JJ, 124 (1973)

EL EM. SYM.

Nb 93 41

METHOO REF. NO.

73 Go 5 hmg

RESULT
EXCITATION SOURCE OETECTOR

REACTION ENERGY TYPC PANOC TYPE RANGE
ANGLE

G,PI+ ABY 170-400 C 400 BBL-D 90

G,PI- ABY 170-400 C 400 BBL-D 90

G,P ABY 76-400 c 400 BBL-D 90

FIG. 4. Charged pion yield vs. the mass number of the nucleus: •—
E„ = 105 t 10 MeV, O-E, =* 85 ± 10 MeV, C-E, => 65 t 10 MeV.

FIG. 3. Energy spectra of protons, E™1* = 400 MeV, 0, b = (90 * 7)°
Circles- present data, triangles- from f

*»|.

18
P. Dougan, W. Stlefler, LUSY Preprint,

1001-1003, 1970.

FORM N3$*41t
IPEV. 7-t 4-44)
U5COMM.OC 20010-P64

(over)

,

u.s. department o e ;c -•

NATIONAL. BlREAl OF s,PHOTONUCLEAR DATA SHEET 457



FIG. 5. Proton yields vs. mass number of the nucleus: O-E- 100 ±

10 MeV, •—Ep* 125 ± 15MeV,A-Ep « 155 ± 15 MeV, ©-Ep * 185 ±

15 MeV, ©-Ep- 215 ± 15 MeV.

FIG. 6. Pion yield (1). proton yield (2). and summary pion and

proton yield (3) vs. the mass number of the nucleus.
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REF.
S. Suglyama and T. Tomimasu
PICNS-73, Vol.I, p. 56 3 Asilomar

ELEM. SYM.

Nb 93 41

METHOD REF. NO.

73 Su 12 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.MJ-T ABX 10- 26. C 18 , 26 M5P-D API

Fig. 2

Total photonuclear cross section for Nb

form N3S*418
(R CV. 7-1 4.64)

USCOMM-N 0S-OC

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOARDS

PHOTONUCLEAR DATA SHEET 459



P. David, J. Debrus, F. Lubke, H. Mommsen, R. Schoenmackers,

and G. Stein
Nucl. Phys. A221 , 145 (1974)

ELEM. SVM.

Nb 93 41

METHOCI REF. NO.

74 Da 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,A ABY 10-450 C 450 TEL-D 90

Data measured for p,t, and He3, but not given in paper.

Fig. 7. Experimental data with
statistical model calculations
for the reaction ^^Nb(Y»a) .Broken

line for E
I

^
X= 50 MeV (calculation) .

Full line for 450 MeV (fit) .

Y

Table 4

The integrated absorption cross sections and the percentage values of compound nucleus formation

JEy (MeV) 50-150 150-250 250-350 350-450 J^y lotdFy,

KydEy *)

(b • MeV)

&cyl&y

<%)

J7A1 a M 6 10 15 12 4.3

i II 6.2 7.6 2.9 69

40Ca <t.
f m 8 15 22 17 6.2

7.2 10.1 3.75 60

MV <ty tM 11 19 27 22 7.9

a*7 13 0.01 1.3 16.5

MNb <Ty „ 19 35 50 39 15.3

5.8 5.9 2.3 15

“•Ag <Jy ,« 22 40 58 47 16.7

a'7 15 7.6 3.81 23

The a7 IM values (in mb) used in the evaporation calculation in the '/-energy range E. = 50-450
MeV and corresponding best fit values a'y are given. The formation cross section of the compound
nucleus <re_ is assumed to be equal to a. or

*) Ey =. 50-450 MeV.
460
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s. G. Tonapetyan, N. V. Goncharov, and V.

Yad. Fiz. 22, 440 (1975)

Sov. J. Nucl. Phys. 22., 226 (1976)

METHOD

M. Khvorostyan
IELEM. SYM. A

REF.

Nb

NO.

93

z
i

41

75 To 4 hmg

RESUL

r

EXCITATION SOURCE OETECTOR
REACTION ENERGY TYPE RANGE TYPE RANGE

angle

G,PI+ ABY 150-400 C 300,400 BBL-D 90

G,PI- ABY 150-400 C 300,400 BBL-D 90

G,P ABY 86-400 C 300,400 BBL-D 90

FIG. 2. Energy spectra of »’ and r' mesons. E^H1* « 400 MeV,
*Iab 90 ± 7*. The points are the same as in Fig. 1.

FIG. 5. Dependence of yields of t
mesons 1 ,

protons 2, and the sum of r-

meson and proton yields 4 as a function

of mass number of the nucleus. The
dashed line 3 is the theory. Points: o—
experimental differential cross sections

for piont of all signs, ^—differential cross

sections for protons emitted at the same

angle flub * 90*, o—combined values of

these differential cross sections. The
statistical errors are shown.

FIG. 3. Energy spectra of protons. = 300 MeV. 0

i

a-„ - 90
i 7*

. Points: a-’Vj, s-^Si. X-*>Gi, ^—,3Nb, o-‘»'Ta. a-data from
ref. 3, "-data from ref. 6.

FIG. 4. Energy spectra of protons, a 400 MeV, 0m, - 90 t 7*.

The points are the same as in Fig. 1 ; 3-data from ref. 7.

5
P.C. Murray et al., Phys. Rev. 94_, 764 (54).

6
C . Levinthal et al., Phys. Rev. £2,822 (51).

^P. Dougan et al., LUSY Prep. 1002 (1970).
form N3S-4IS
>R EV. 7-1 4-641
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Z. Berant, J. Tenenbaum, A. Wolf and R. Moreh
Nucl. Phys. A306, 101 (1978)

ELEM. SYM.

Nb 93 41

METHOD REF. NO.

78 Be 2 rs

REACTION result
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G LFT 1- 6 D 4-6 SCD-D DST

ALSO G,G/ DATA

,— CNi

C4

11/2

11/2 -

9/2,13/2-

11/2 -

9/2,11/2.13/2

9/2.11/2.13/2

9/2,11/2,13/2

9/2*

9/2*

11 / 2
*

13/2*

9/2*

•6465

2839

•2370

1951

1682

1494

' 1466

' 1297

* 1081

- 979

- 94 9

93Nb

Fig. 3. Decay scheme of the 6465 keV level of *‘Nb show.ng level energ.es.and relame ««"«««»

normalized so that the tntensity of the ground-state trans.t.on « «akcn to be ™e T"
S

are those ohta.ned b> combmmg the results of the present work (table 1 > and those reported s. )•

form N3S-418
(REV. 7-1 4-04)

USC OMM-N 0S-O C

over
U.S. DEPARTMENT OF COMMERCE

NATIONAL BUREAU OF STANDARDS
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Taiii f I

-/-line energies E... level energies £, of 9J Nb. angular distribution coefficients A and spins 7'

Present work Refs. *•*) *)

E,

( + 3 keV)
intensity

A
(exp)

£
,

( 1-3 keV)
J ’

£, j’

5516 280 ± 5 0.06 ±0.04 949 14*
949.6 u*

5486 2± 2 979 f1 i j 979 1 1
-

5384 47 ±
*>

0.02 ±0.07 1081 s»

2*
i

»

1082.5 «i •

5168 30 ± 2 0.I4±0.08 1297 ?.
!_J

129. 8 r
4079 1 2 ± 3 I486 u i.i

14X1 r
4971 26 ± 1 1494 !.

1» tJ
1491 ?

* if 11 »

4783 31 ± 1 1682 0
2 • 11. u 1682.6 ’• ?-

1

1

4514 32 + 3 -0.1 9 ±0.1

2

1951 n 1950 5

2

4095 80 ±25 0.07 ±0.10 2370 Q i j
2360 h

)

3626 8o±:!5 — 0. 1 7 ±0. 1

1

2839 i.i 2810 *)

6465 100 + 2 0.04 ±0.05 6465 u -

The spins J" are based eiiher on the values of A or on (he assumption that the resonance level is

deexcited by dipole transitions.

*) Only those levels of refs.
J

-
) are listed which were also observed in the present work.

b
) The reported energy uncertainty of these levels is ± 20 keV

3
I. J. van Heerden, W. R. McMurray and R. Saayman,
Z. Phys. 260 (1973) 9

7
D. C. Kocher, Nucl. Data B8 (1972) 527

Table 3

Values of RT, R, S. a,. roIT and of the 6465 keV level in
*JNb

*t‘) <5
c
) (eV) a

,

d
) (mb) rjr f (meV)

1.022 ±0.0 11 0.004 ±0.003 6±2 l.6±0.7 0.12 ±0.03 38 ±17

*) R t is the ratio of scattering cross sections at T = 78°K and room temperature T =* 293°K given

for a 13 g.em :
thick scattcrer placed at an angle of 60° and a detector angle of 135° with respect to the

incident beam.

*) R is the self-absorption ratio and is given for the same scatterer-detcctor geometry as that of R T and
for an absorber thickness of 18.4 g.em 2

.

*) 6 is the energy separation between the peak of the incident -/-line and the peak of the resonance level.

*) a, is the elastic scattering cross section.
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„ e , D.J.S. Findlay, O.J. Gibson, R.O. Owens, J.L. Matthews
' Phys. Lett. 79B, 356 (1978)

EL EM. SYM. A Z

Nb 93 41

METHOO REF. NO.

78 Fi 7 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYRE RANGE TYRE RANGE

G,P NOX 45-85 C 60-100 MAG-D DST

Experimental data on the ( T ,p) reaction at£
7 » 60-100 McV tor targets in the ranged * 7-93 are compared with

predictions based on a singlc-partide knockout mechanism using shell model wavefunctions. The results show that this

mechanism is more important than has generally been believed

3

a

.2

Fig. 2. The ratio of the measured photoproton emission pop-

ulating low-tying states to the single-particle direct knock-

out predictions is shown as a function of nuclear mass .4 for

80 MeVbrcmsstrahlung. Errors in the ratio, due to uncertainties

in our calculations, are estimated to be a factor of » 1J. Er-

rors in the experimental data are negligible.

form NSS-411
(REV. 7-1 4.441

VJSC OMW-N 83*0 C PHOTONUCLEAR DATA SHEET 464
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pef. K. Masumoto, T. Kato, N. Suzuki
Nucl . Inst. Meth. 157, 567 (1978)

ELEM. SVM.

NB 93 41

METHOD

78 Ma 10 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

G,N ABY 9-68 C 30-68 ACT 4 P

I

G,AN ABY 13-68 C 30-68 ACT 4PI

Analysis is made of reactions interfering with
photon activation analysis procedures.

The activation yield curves have been presented for a number of photonuclear reactions in the energy range from 30 to

68 MeV, in order to evaluate quantitatively the interferences due to competing reactions in multielement photon activation

analysis. The general features of the yields as functions of both target mass number and excitation energy were elucidated

from the data obtained, discussion being given on the results in terms of the reaction mechanism.

Simultaneous neutron activation due to appreciable neutron production from the converter and surrounding materials

has also been studied, and, finally, the magnitudes of interferences in real multielement analysis were given in the form

of their energy dependences.

JjJ 1 I I L t I 1 1 I

10 ‘ 10 *

Nr

Fig. 2. Yield per equivalent quanta versus target neutron num-
ber.

= N3S-418

Fig. 7. Activation yield curves for the reactions on Y. Zr. Nb
and Mo.

89 Y(y.n)88 Y, • ^Zrly. n)
89

Zr. O 90
Zr( y. pnt88 Y.

d 9J Nb(y.n)9Zm Nb.A 93 Nb(y. ;m )
88 Y. B "»Mo(y. n»

90
Mo.

v» 97 Mol y. p)
9S Nb. 3 96 Mo(y, pi

95m Nb.o 94 Mo(y. pn»9:m Nb.
^MoC/.lnl^Mo.V 94 Moiy.an)89 Zr

(over)

-. 4 . 465



EimiIHiV)

Fig. 9. Yields of the (y, n) reactions as a function of brems-

strahlung maximum energy and target mass number. The
numerical values in the figure are yields per equivalent quanta

in mb.

I
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REF.

METHOD

G.A. Vartapetyan, E.O. Grigoryan, A.S. Danagulyan,

N.A. Demekhina, A.G. Khudaverdyan
ELEM. SYM. A

Yad. Fiz. 34, 289 (1981)

Sov. J. NucT\ Phys. 34, 163 (1981)

Nb

REF. NO.

81 Va 2

41

egf

REACTION RESUL

T

EXCITATION
ENEROY

SOURCE

$G,SPL ABY THR*4 4*

The charge distribution of residual nuclei has been studied in the disintegration of "Nb by bremsstrahlung

with £rmu = 4.5 GeV. Identification of the residual nuclei and determination of their yields were earned out

by detecting the induced activity by means of a semiconductor Gel Li) detector. Study of the charge

distribution of isobars and comparison of the data obtained with the results of hadron-nucleus reactions

permitted us to determine some regularities of the nuclear disintegration and to predict the probability of

formation of residual nuclei which are hard to measure by the activation method. For quantitative estimates

of the yields of the reaction products we used the five-parameter Rudstam formula. The nature and properties

of the isobar and mass yields are discussed in comparison with calculations in terms of a two-step

evaporative model

TYPE

ACT-

1

OETECTOR
ANCLE

4PI

*4.5 GEV 39 FINAL Z,A

PACS numbers: 23.20. + y. 27.60. -t-j

FIG. 1. Curves of the charge distribution of products of the

reaction Nb*y for the following mass intervals: a) 90-84,

b) 83-75, c) 74- 65. Points: e-Nb. a-2r, a-Y, :-Sr, = -Rb.
A-Br, v-Se, 4-As, O-Ga, x-Zn. v-Co; c) calculation with

the cascade-evaporative model 4 for the reaction Mo-p (in

relative units); the dashed curve is for a proton energy 1800
MeV.

FIG. 2. Most probable charge of the charge distribution, as a
function of the mass number of the product. Calculations of
the cascade-evaporative model 13 for the reaction Nb *

p

with
the following proton energies: 462 MeV (solid curve), 944 MeV
(dashed curve). 1844 MeV (dot-dash curve). Points: O-data of
the present work, A—data of Ref. 13.

: 1

?? 2l!=252sll3= s 2 2S23=5!S2225S*2§52S23ss3

J1

I

I
3

S
t—

— u

u

u w u u— — — ~ uuuj-y-u-yyuuuu—ouuy — cj — —

1

]
tmmm?r rr rr Hrt

form N3S-4U
(PCV. 7. 14.441
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nOLYBBEOl

yfolybdos is the term first applied by the Greeks
and Romans to describe minerals that were soft and

lead-like in appearance. The word molybdenum itself
was first introduced around 1816. Native molybdenum
disulfide is a soft black mineral that looks like
graphite. Up until the later part of the eighteenth
century, both were sold under the same name:
Molybdan, or molybdenum. The German writers
called molybdenite "Wasserbley," a name suggestive
of lead. Molybdenite was first identified by the
Swedish chemist, Karl Wilhelm Scheele in 1773.
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Sven A. E. Johansson
Phys. Rev. 27, 434-43 (1955) Mo 42

METHOD

Synchrotron; ZnS counter;

REF. NO.

ion chamber 55 Jo 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P RLY THR - 65 C 65 SCI-D 14 - + DST

Table I. Target thickness and the constants a and b in the

angular distribution curve o+(sind+A sinfl cos#)’.

Dement
Target thickneee

ma/cm* a b

Carbon 182 0.32 0.80
Aluminum 274 0.58 1.35

Nickel 352 0.94 1.45

Molybdenum 295 0.62 2.00

Fig. 5. The angular distributions of protons with an energy above 14 Mev.

FlO. 10. The relative yield per mole for protons above 14 Mev
as a function of the atomic number.

form NBS-418
(R€V. 7-14-64)
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***• G. Ben-David, B. Arad. J. Balderman, and Y.

|
Phy«. Rev. 146

T
B852 (1966)

MKTHOO

Schlesinger CL CM. JYM. A z

Mo

REF. NO.

42

Nuclear Resonance Scattering using N,G reactions, 66 Be 3 JDM

REACTION RESULT excitation SOURCE DETECTOR

ENEROY ANOLE

G,G RLX 5 - 10 D 5-10 NAI-D 5 - 10 135

i

Fta. 3. Histogram ci distribution oi obtctved laoMnca among the different targets. The atomic number is given directly beneath
theehrmkai symbol followed by the neutron numbers ot the naturally occurring isotopes. Magic numbers are shown in bradteta.

Tabu EEL List oi effective cross sections.

Flg.l.(b) Complex scattered spectrum from Mo excited

by Cu capture rays (with Zr background)

.

fohm MB3-4H
IStV. M.WI

I USCOMM.OC UOIO.M4

Scatterar

Energy r..»
(MeV) aourca

8

(mb) Scatterar

Enersy
(MeV)

Gemme
•onree

4

(mb)

SmMt 8.997 NI 100 Sn 7.01 Cu 110Prm 8.881 Cr 9 Nd 6.867 Co 30
La 8.332 NI 6 Pr*d 6.867 Co 3Te 8.333 NI 3* Te 6.7 Ni
Ca 8.499 Cr 24 La 6.54 12
Zr 8.496 Se 3030 Cd 6.474 Co 110
Za 8.119 NI 13 Mo 6.44 Hs 25*
Se 7.817 NI 30 La 6.413 Ti 72
Se 7.74 K 90 Mo 6.413 Tl 10
Sb 7.47 V a..h Tl 6.4U Ti 23
Cd 7.44 Fe 40* W Tl ...h
NI 7.64 Fe 7* Sb 6J1 Hs 6*
PrMi 7.64 Fe 12* Tl 6-31 Hs 2«
Tl 7.64 Fe 370» Sn 6.27 73
La 7.634 Cu 7 Pb*« 6.13 Gd • • •«
Mo 7.634 Cu u Te 3.8 Ni . . .<

Hi— 7.634 Cu 4 La 6.12 a 33
Te 7.338 NI 664 Pr«* 6.12 a 110
Bi» 7.416 Se 100 Pt 3.99 He 40**
Bi*» 7.300 Aa 80r Tl 3.79 H« 5*Pb« 7.283 Fa 4100 Pb*» 3.9 Sr” ...fe
Cl 7.283 Fa 34 Ce 3.646 Co 17
Pr*« 7.183 Se 80 Bi— 3.646 Co 33
Tl 7.16 Cu 120 Pb«« 333 70u 7.13 Mu 30 Hs 3.44 Hs 73*
BP" 7.149 Tl 2000 Hs 4.903 Co 383

Hl*h-enersy component of a complex spectrum.
•A brand tattered apectram with no observable peek itructare.
• There are actually two linen of enerxiea 7.6*7 and 7.433 MeV bavins

equal intensities In the Iron capture tamma apectram. The cram eeetten
*“» therefore been corrected, althoush there la no poaaabOity at praent of
deddbis which Una la responsible for >wi» resonance.

4 *• praOeblr an Independent leveQln the complra apectram of Ni yraya on Te.
• Roush estimate.
1 May be lneiaatic component from 7J2S lewd In Te.
The relative Una Intenaitiea in this earn are due I

* No line la known far the eoarce at thin enersy.
i Dtflcult to leaotve im -*> n~

I at thin
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S. M. Hussain and K. G. McNeill
Can. J. Phys. l&, 2851 (1967)

EL EM. SYM.

Mo 42

METHOD REF. NO.

67 Hu 2 BGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPt RANGE

G.N ABY THR-22 C 22 THR 4- DST

YIELD AT Eo * 22 Me
3
*Si In,,) ACTIVATION BY PHOI

V

fONEUTRONS

t.w

1

•t.r

; I
• f.l > >

1

'-T
; . V -

!'-:

•
N

m ?
r

'

;

|

1000 •

S00

100 . v

: r

>T

H

.

• BAKER (l9«0)

4
•Cd

Fic. 3. The yields of fast photoneutrons from various elements as measured in the picsenc
work and by Baker. The present results have been normalized to B .^er’s i. asiiremcnts f.,r
lead.

Ffct

• •

?
•

ANISOTROPY COEFFICIENT -a*
• Z*

•Nt

IO 30 SO

z

70 90

Fig. 2. The anisotropy coefficients a,, in the formula XV(») - a,(l + a,P, -f a,P,)
obtained in the present work, and those obtained by other workers in the same part of the
Periodic Table

TABLE I

Element <*•* at af

Nickel
Zinc
Selenium
Zirconium
Niobium
Molybdenum
Cadmium
Tin
Lead

77 (1 ,0±0.05)
236 (1 .0±0.04)
525(1. 0±0. 05)
380(1. 0±0.05)
392(l.0±0.03)
410(1.U±0.03)
753 (1 .0±0.02)
055(1.0±0.02)
2274(1.0±0.02)

0.14±0.04
0.06±0.03
0. 10±0.04
0.03±0.04
0.04±0.02
0.05±0.03
0.05±0.01
0.08±0.02
0.06±0.02

-0.34±0.0fl
—0.30±0.04
-0.25±0.05
-0.27±0.05
-0.30±0.03
— 0.41 ±0.04
—0.28±0.02
—0.30±0.02
—0.48±0.02

.i.T
O
L,
<:Om0

i

l^V>2 (^
,rt>°*7 value °‘ « ,or pb ha. been normalized to coincide withthat obtained by Baker and McNeill (I9bi) and i. the yield per mole per 100 roentgen. All othervalues of a. have also been quoted with the same normalization.

* otner
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I REP.
I J. W. Jury, J. S. HewitC, and K. G.

Can. J. Phys. 1823 (1968)

METHOD

McNeill
EL EM. SYM. A Z

Mo

REP. NO.

42

68 Ju 1 BGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPt RANGE

G,N N0X THR-22 C 22 THR 5- DST

W(9 ) = a
o + a

l
P
l
+ i

2
P
2

TABLE I

Target element Energy «•* «i/*p

Vanadium 23 32 640±50 0.11+0.10
Chromium 24 22 365 ±39 0.02±0.08
Manganese 25 22 450± 33 0.07±0.05
Bromine 35 27 874±54- 0.05+0.06
Molybdenum 42 22 610±60 0.09±0.05
Ruthenium 44 27 1100±25 0. 12±0.02
Rhodium 45 27 1270±47 0.06±0.03
Palladium 46 27 1350±29 0.26+0.02
Antimony 51 27 2140±62 0.04±0.08
Lanthanum 57 27 1940±70 0. 12±0. 10
Praseodymium 59 30 1800±58 0.20±0.08
Platinum 78 27 2600±52 0.17±0.02
Lead 82 22 2274±59 0.08±0.08

-0.09±0. 1

1

0.00±0.10
-0.11+0.06
-0.15 + 0.08
-0.35±0.06
-0.29 ±0.03
-0. 14+0.03
-0.12 + 0.02
-0.25+0. II

-0.52±0. 14
-0.40+0.09
-0. 15±0.03
-0.46±0.09

*Th» yitU par aoi. pv 100 r '
l to . ywM af 2274 far tka

f

I

j

I
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REt. £L£M. SYM. A L

S, Coata, Lm Perrero , L.

Letter* al Nuovo Ciaento

mcthoo
==—"

Pa«^na1 -fn-f
,
anA R, Mane^<

2, 665 (1971) Mo

REF. NO.

42

71 Co 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPl RANQC TYPE RANGE

G ,XN ABI 36-64 C 10-64 BF3-I 4Pi

‘



ref.
T. Msthasiri and S* A* E. Johansson

Nusl. Phys. AI6Z, 97 ( 1971 )

EL CM. SYM.

Mo 42

METHOD REE. NO.

71 Me 1 egf

REACTION RESULT excitation
ENERGY

SOURCE oetector
ANGLE

TYPC RANGE TYPE RANGE

! G.F ABY THR-900 C ?00-900 FRG-I 4PI

'

‘r -

’IPf
1 3;

;

~*S|r$S£;.u c-i-t -•

.

. V .'T

v th,-'-.

**. .a^js-v •:»'**

rfl— 1

—

L---S* Cl .

oS

l«Cm*> *Lal

_L J_ I

v'*'

10 30

Fig. 2. Nuclear Anilities as a function of Z*/A.

Tams 1

The constant fission cross sections above the threshold

Element a, (cm*) Element «r, (cm*)

Pb (5.0±0.2)x 10"*’ La (l.l±0.1)xl0-*»

Ail (I.7±0.1)xl0-*T Sn (4.3 ±1.1) X 10"**

Ta (3.3 ±0.2) x 10-'* A« (8.4±2.0)x 10"**

Yb (1.2±0.2)xl0-** Mo (1.7±0.4) X 10"**

Ho (SJ±0J)xl0-** Cu («.6±l.2)xl0-**

Od (3.3±0.8)xl0-*» Ni (5.8±0.1)xl0-*#

Nd (1.3±0^)xl0-**

[over]
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V. P. Kovalev, 7. P. Kharlta, V. V. Gordeev, V. I. Isaev (USSR)
Atoanaya Bnerglya ,32, A96 (1972)ree.

METHOD

EL EM. SVM. A Z

Mo

HE W. NO.

42

72 Ko 8 hag

REACTION RESULT excitation
ENEROV

SOURCE DETECTOR
ANGLE

TYPE RANGE

G.N NCI 6- 22 C 22 THR-I DST

Jte-
BlCKk

3hcjh
rax
wen-
TPO-
no»,
il*4

Sereit-
Top

Vroa, *pod

Va
30 so 70 90 110 130 150

At

22,5 1,05*0,08 1,03*0,08 0,97*0,03 1,0*0,08 0,98*0,08 1,02*0,08 1 ,04*0,08 IfaoTpao-
uoe

22.5 Al« (»./>) 0,90*0,15 0,93*0, 15 1,02*0,15 1,00*0,14 0,96*0,13 1,07*0,13 1,01*0,13 »

T1

22,5 P'KP) 1,04*0,07 0,96*0,07 1,03*0,07 1,00*0,07 0,9S±0,07 1,05*0,07 1,03*0,07 »

22,5 A1«(r.p) 1,06±0,13 0,94*0,13 1,04*0,12 1,00*0,12 0,95*0,11 0,98*0,11 1,02*0,10

C«

12,8 P«(n,p) 0,97*0,10 1,04*0,10 1,02*0,10 1,00*0,10 1,01*0,10 0,90*0,10 0,90*0,10 »

17,0 P3M«./>) 1,03*0,07 037*0,07 1,00*0,07 1,00*0,07 1,06*0,07 0,95*0,07 0,88*0,07 »

22,5 P31 (*,/>) 0,37*0,05 0,94*0,05 0,97*0,05 1,00*0,05 0,99*0,05 0,93*0,05 0,91*0,05 0,18*0,01

22,5 Al*7 (n, p) 0,75*0,09 0,86*0,07 0,03*0,06 1 ,00±0,05 1,02*0,05 0,94*0,04 0,90*0,04jo ,28*0,06

Mo

22,5 P»(".P) 0,90*0,05 0,93*0,05 0,98*0,05 1,00*0,05 0,99*0,05 0,92*0,05 0,84*0,05 0,21*0,01

22,5 Al«(n,/>)| 0,80=0,08 0,95*0,08 0,95*0.07 1,00*0,06 0,94*0,05 0,83*0,04 jo,72*0,0-1 0,44*0,08

22,5 Al»(«,a) 0,72*0,08 0,84*0,03 0,39*0,08 1,00*0,08 0,95*0,03 0,87*0,08 jo,63*0,OSjo,7S*0,18

W
22,5 P«(»,p) 0,85*0,04 0,90*0,04 0,9S*0,04 1 .00-t-Q ,04 0,98*0,04 0,92*0.04 0.037*0,04{0,25*0,04

22,5 Al»(«.p) 0,78*0,06 0,84*0,06 0 .SQ-i-0 ,05 1,00*0,05 0,97*0,04 0,S6*0,04 0,75*0,04 0,54*0,06

Pb
22,5 P31

(
rt , P)

1

0,79*0,04 0,85*0,04 0,96*0,04 1,00*0,04 0,98*0,04
j

0,83*0,04 0,34*0, Odjo,30*0, 05

22,5 Al«(»,p) 0,70*0,09 0,81*0,08 0,94*0,07 1,00*0,06 0,94*0,06 0,80*0,05 0,69*0,05 0,69*0,12

(over)
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R.F. Barrett, J.R. Birkelund, B.J. Thomas, K.S.
Nucl. Phys. A210 , 355 (1973)

METHQO

Lam, and H.H. Thles

CLEM. SVM. A

Mo

ref. NO.

42

73 Ba 20 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angleTYPE RANGE TYPE NANCE

G,N NOX THR- 27 c 10- 27 BF3-I &PT

i

Fig. 12. Experimental values of the level density parameter a, (Fermi gas formula plus pairing cor-
‘ection) versus atomic number A. The continuous curve is a least-squares fit to the data of a

theoretical calculation from Newton 1 5
).

MEAN NEUT ENERGY

1

H. Baba and S. Baba, Japan Atomic i

Energy Research Institute report
;

JAERI-1183 (1969).
2

H. Baba, Nucl. Phys. A159, 625
jj

(1970). 8

15

T.D. Newton, Can. J. Phys. 34 , ,

804 (1956). t

»

- £

t

Fig. 15. Ratio tjt, versus atomic number A. Here a*, is the level density parameter taken from

the neutron resonance work of refs. *•*), and a, is the level density parameter derived from the

present (y, n) work. Filled circles represent points where nuclei in the neutron resonance and in the

experiment were the same. Open circles represent points where the respective nuclei were

aspeoximately matched. Triangles represent points which are based on measurement of neutron

mean energies at two bremsstrahlung energies only.
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V.G. Vlasenko, V.A. Gol'dshtein, A.V. Mitrofanova, V.I. Noga,
Yu.N. Ranuuk, V.I. Startsev, P.V. Sorokin, Yu.N. Telegin

Yad. Fiz. 23, 504 (1976)

Sov. J. Nucl. Phys. 23 , 265 (1976)

EL EM. SYM.

Mo 42

REF. NO.

76 VI 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E, E/ ABX 100-500 D 1* 2 MAG-D DST

Inelastic cUcrroo scattering has been nscd to meum tha total hadronic cross tactions for absorption of *E IN GEV , 1.2, 1.36
photons with energy 130-300 M*V by nuclei of C, Al, NL Mo, and W. The results obtained are compand
with calculations earned out in the impulse appmsimatinn

FIG. 3. Total hadronic cross sections for absorption of pho-
tons by nuclei.

FIG. 6. The ratio <JrjAar , as a

function of A for 4*0.32 GsV.
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A. Jarund and B. Forkman
Z. Physik A281 , 39 (1977)

Mo

*.o7"

77 Ja 2

r.i i: -

G,NA24 ABY

EC'-'ij
£•;: = ; v

THR-999 400-999 f ACT-I

42

2gf

at.Cl £

4PI

999=1 GEV

Ki. la i The Treasured vie- as hr.ction of brentsstrahlur.? end point energy. The error bars give the statistical errors in *4 ™mbers or y-

quanta detected. The solid Ir a;- Htte-J to the yield points w ith the least-squares method. Tr.e v icid from Cu \ Fig. 1 a) :s measured m [t] and has

been recalculated using the tr.w.-itor curve of [5]

Kij. 1 ~-j -nean cross section in the energy range 400 to 1000 McV
cei. . _‘ed ir —i the yields of F.cure I in this work and of Figures 1 to

t *
: 7/.r t r • giver r* ir* some points

485 t-.

Fi;.4. Mean cross sections of the present work and of [1] (•)

compared with the cross sections in proton irradiations: + 400 MeV

from [4], o 700 MeV from [16] and an extrapolated value from [17].

v 3GeV from [18]



M. Schumacher, F. Smend, W. Miickenheim, P. Rullhusen, H.G. Borner
Z. Phys. A300 , 193 (1981)

REF. CLEM. SVM. A Z

METHOD

Mo

REF. NO.

42

81 Sc 6 egf

REACTION result
excitation
ENERGY

SOURCE DETECTOR
ANGLETYP« RANGE tyre ransi

ABX 7.7 7.7 SCD-D 90

Elastic scattering by nuclei in the range of mass numbers between 64 and 238 has been 6.759,7 .168 MEV

studied with monochromatic photons in the energy range between 2 and 8 MeV. These

photons were provided either by a Ti(n, y) source installed in the tangential through

channel of the Grenoble high flux reactor, or by 2*Na and 56Co sources produced by

deuteron bombardment of A1 or Fe at the Gottingen cyclotron. The photoexcitation of

23 nuclear levels has been observed and the decay properties and groundstate widths of

the majority of these levels have been determined. For the lead scattering target the co-

herent elastic differential cross section has been studied in detail. There is evidence that

below the photo-neutron threshold the elastic scattering via virtual photoexcitation of

the nucleus can be approximated by extrapolating the real part of the Giant Dipole

Resonance amplitude along a Lorentzian curve. Coulomb corrections to Delbriick scat-

tering seem to play a small role at 6.5 MeV.

Table 4. Properties of levels observed by photoexcitation. (dtr/dQ)''***: experimental differential cross section per iden-

tified isotope or element for resonance scattering through 0 = 90°. /*: spin-parity of excited level; W{0): angular cor-

relation function; g=(2/ cl + l)/(2/
|
+l); r0 \ radiative groundstate transition width. T; total level width. Errors in the

last digits are given in parentheses

Isotope

(MeV)

(da/dQ)
Htf

(pb/sr)

r rjr me)gr0‘/r
(meV)

n>'

.

(meV)

r«
# o

(meV)

u.U 2.754 13 (4) m 0.77 0.145 0.084 -

2J«u 3.254 421 (5) i- 0.24 0.83 1.5 0.52(15)“

J0,
Bi 6.555 2.1 (4)- 10* -

'

- 0.74 0.74" -

i°*B i 7.168 1.7 (3)- 10
s 9/2** 1.00 710 786 820 (40)*

2°jTi 6.418 8.75(30)- 10
3 1/2* 0.28 30 102 82 (15)*

T1 6.759 7 (3)
- - - - -

Hg 6.555 68 (17) - - - -

l

6.418 5.2 (3) 10 2 1-* 0.32 1.75 2.4 -

HAW 6.555 9.8 (10)- 10
2

(1) 0.52 3.44 2.9 -

"‘W 6.759 46 (10) (1) 0.58 0.17 0.13 9mTa 3.010 174 (17) - 0.72 0.42 0.59 -

‘"Ta 6.418 62 (4) - 0.73 0.2 0.27
c -

,slTa 6.759 4.8 112) - - 0.018 0.018*
'® sHo 6.418 10.3 (30) - - 0.035 0.035'’ -

,65 Ho 6.759 5.6 (14) - - 0.021 0.021* -

Nd 2.754 2.6 (5) - - - - -

Nd 3.254 14.0 (10) - - - - -

Ce 6.759 13.4 (10) - - - - -

m Sb 3.452 2.20 (5)- 10
3 - 0.60 2.9 4.9* -

l00Mo 6.418 1.53 (4)- 10* 1-* 0.88 52 26 25 (8)*

wMo 6.555 4.4 (4) I0
3

(1) 0.33 15 21 -

Mo 6.759 6.2 (15) - - - - -

Mo 7.168 8.2 (26) 10 1 - -
ij - - -

* [II] * \V(Q)gro/T =1 assumed ' IV(<9)|! = 1 assumed
“ [28] (a small correction has been applied to the data of [28])
* Upper limits in case not all the transitions to lower levels were observed
'
Present work * Previous work

(OVER)
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Tabic 2. Elastic differential cross sections Jo di2(0=90°) in pb.sr measured with the Ti(n,y) source and compared with theoretical pre-

dictions. n: predicted number of levels in a J£ = 25eV interval at 6.5 MeV. Errors in the last digits are given in parentheses

Scattering

target

6.418 MeV 6.555 MeV 6.759 MeV 7.168 MeV n

exp. th. exp. th. exp. th. exp. th.

“«U 23 (12) 10.3 _ - - _ _ _ 45
tovBi j

" - mm 219(39)
bc

8.0 12 (4) 7.4 1.5(3)- 10
3bc

5.7 0.1

“Pb 7.0(15) 8.6
1

| 6.5(11) 7.4 ; - - 0.05

“Tl 2.586 (92)*-' 7.5 - - 13 (3)
b

6.0 - - 0.4

M,Hg 12 (3) 7.8 74(1 7)
b

6.5 6.7(15) 6.4 - - 3.4

"**W 159 (10)*- c 6.6 306(33)*-' 6.3 20 (2)*- c 5.6 I 1 - 13

l,1Ta 68 (4)*-' 6.3 - - 10.l(12)
bc

5.3 - 28
16SHo 15 (3)

b 4.7 - - 9.5(14)
b

3.9 - 18

"*'Ce 4.1(21) 4.1 - - 17 (l)
be

3.6 - - 0.04

“Sn 4.2(13) 3.0 9

1

2.5 (5) 2.7 - - 1.9

“Mo 1,474 (44)*-‘ 15 407(39)*-' 2.5 8.5(15)
bc

2.3 817(258)0' 2.0 0.5

"*'Zn 14 (8) 1.6 - 1.8 (5) 1.5 - - 0.3

* Transitions to excited states observed b Photoexcitation identified from size of differential cross section

‘ Photoexcitation reported in [11]
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REF. A. El Sloufi, P. Erdos and P. Stoll

Helv. Phys. Acta 30, 265 (1957)
EL EM. SYM.

Mo 92 42

METHOD

57 El 1 egf

REACTION RE5ULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,NP ABI 19- 30 C 32 ACT -I 4PI

Tabelle 1.

Zusammenstellung dcr gem. \V. Q.

Rcaktion
^-Wcrt

McV
McV bnm Vcrliallnis dcr Qucm-hnitte

Zn'*(y, np)Cu***)

Zn••(-/, p)Cu*’**)*)

ZnM(y, 2n)Zn**

MoM(y, np)NbM

Mo”(y, p)Nb»»

18,65

10,01

20,82

19,5

0,02

0,08

0,03

0,02

0,09

ff Zn“(y. P)— 3,G ± 0,5
a np)

**(-/, np) _ 0 2
.

ff '/,n
e4

(y, 2n)

»Mb"(-/,p)
l

.

ffMoK(y, np)

*) 5,3 mb bci Ey = 27 ± 0,5 MoV r = 3,7 McV.
**) 11.5 mb bei E., = 22 ± 0,5 McV r = 6,4 McV.
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A. Hofmann, P. Stoll
Helv. Phys. Acta 31 ,

methoo

ELEM. SYM. A z

591 (1958)
Mo 92 42

REF. NO.

58 Ho 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,NP ABI 19- 32 C 32 ACT-I 4PI

(y,np) yields Include (yjd).
Tnbcltc I

Kcaktion
S-Wert
McV

l.W.Q. 5
McV' barn

ffmiu
in 1)

£*-mAX
McV

r
McV

Ca<®(y. fin) K3* -24.3 0.005 2.4 30 ± 1 2.1

Zn44
(y, fin) Cu4* -18.30 0,03

Zn44
(y, fin) Cu44 -18.63 0.031 7.2 28 ± 1 4

Zn**(y,
fi) Cu47 - 10.01 0,10 11.4 22.7 ± 1 6

Sc“(y, fin) As74 - 20.43 0.02

Zn44
(y, 2 ii

)

Zn44 - 20.82 0,08

Mo44
(y, fin) Nb** -19.3 0.02

Sb,M (y, fin) Snlil -18.2 0,0006

form N3S-418
(R EV. 7-1 A- 941

use OMM-N BS-OC

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS
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Ref. N. Mutsuro, Y. Ohnuki, K. Sato, M. Kiraura

J. Phys. Soc. Japan _l4, 1649 (1959)

Elem. Sym.

Mo

A

92

z

42

Method Betatron; neutron yield; radioactivity; r-chamber
Ref. No.

59 Mu 2 NVB

Reaction E or A E E
o

r S^E J » Notes

Mo
92

(y,n) Bremss.

0-25 16.0 2.7 MeV 1.48 MeV-b

10 r X 10*

4 3/2 1 7/2
4 9/2

r I

YIELD OF FAST PnOTCPRGTONS

a-

J 6-

a 4-

1
i

.-,0c

CO

10 20 30

Z

2

40 30

Fig. 3-2. Activation curve near threshold foi

Mo“(r, n)Mu»‘.

fnteqrotw setting

Fig. 4-2. Activation curve for Mo**(j, n)Moai .

Fig. 5-2. Cross section curve for McPHj, niMo*1
.

form NBS-418
( 8 - 1 -63 )

USCOMM-OC 18 SS 8-P 83

PHOTONUCLEAR DATA SHEET 493

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDAROS



:•«. J.N. Carver, G. Coote, T.R. Sherwood

Nuclear Phys. ^9 (19^2)

Method
50 McV electron synchrotron; activation; Nal

Elem. Sym.

Mo 92 k2

Ref. No.

62 Ca 1 JHH

Reaction F. or A F. ad F J " Note*

Mo
92

(7,n)
Bremss.

30

,) j. l. uwil an 1. TwialWi An. 2aa. 'CQ (19*0) 1)05

I) r. nuw liman la Plqram, 2 (1950) 435

)) a. I_ Ulaa. Baalaar Phjalm 21 (i960 374

4) c. 3. linn. Ihpa. 1*1- 111 (1959) 179

5) C. 3. SlMoa. Dm. «aa. 122 (1951) 1355

5) 3. hua, Jnlaar Pima. U (1959) 441

7) J. I. Cot a4«. l. Jam. laalaar Phmn J3 (1950) 154

5) 4. C. Inal 11 *5 3* FanSiaalS. lalar Phruas 21 (1959) 955

9) I. frlMa aa< 7. 14. mom. luLw Phralm 1 (1955 ) 254

10) 1* Cats . L. faa 4aa B. 'doty. Caa. J. Phya* IS (1953) 475

II) U Ua, «. 3. ku u4 5. annum. Ca. J. Tara. 21 (1953 ) 35

13) L sum al J. Cal4aaaar«. 4a. ua. hull Clam 21 (1955) 375

15) I. 9. Cam U4 3. C. Paaalaa, Phya. laa.JJS (1950) 3155

14) J. C- Han aa5 7. 7. SsiaamrJ “Slmastlcal Srnlaar Aipalaa-

Saa Ian Cilap U953)
i

15) 5. 7- 7aaara. L. L. BarMm i-lll. Saatt. 0.3. Anna hae
j

j.iun 130.15)70 (1955)

15) Saalaar fiata Simla* Sallaul Saaaaaa CanaU. Baniatna (1950,
j

14 an uieluciar Sat 5)

IT) 4. 7annum aao J. 4. Salaam. Pay*. loo. 222 (1950) 1313
I

1 10) L SaloalB oa5 5. Clam. Inal an Phraiaa (la paaaa)

If) f. 3. n Caalan aa4 3. 0. Ian. fealanr PhnUa U (1959) 33

'30) T. 9. Sanaa. Ca. J. Phra. <1 (1955) 904

31) 9. 0. lap. Saalaar PltpaUa 2i (1951) 434

33) 3. 9. Ian. "Inaaaual Can iiiua Camalali'. AaaaaaOnl Sma
Salma Pualisaiaa Ca. (1994)

39) J. c.lliaaf an 1. Kan. Phra. too. £ (1993 ) 305

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS

fg sm NBS-413
(5-1-43I
J3COMM-OC 183S8-P83

PH0T0NUCLEAR DATA SHEET 494



Ref. W.E. Del Bianco, W.E. Stephens
Phys. Rev. 126. 709 (1962 )

Method Electrostatic generator, H^(p,Y)He^ reaction; activation of

Elem. Sym.

Mo 92

kef. No.

62 De 1

k-2

positron emitter; 2 Nal in coincidence. JHH

Re*ctioa E or AE E
o

r
S"

dE j* Notes

(7,n) 20. 48 a(y, n) = 35 ,4±2. 3 mb (branch
leaving Mo91 nucleus in ground state).

U.S. DEPARTMENT OF COMMERC:
NATIONAL. BUREAU OF STANOARC

FORM NBS>41>

uicomm-oc it

PHOTONUCLEAR DATA SHEET 495



REF.
R. W. GelLie, K. H. Lokan
Nucl. Phys. 60, 343-348 (1964) Mo 92 42

METHOO

Betatron;

REF. NO.

ion chamber monitor 64 Ge 1 JOC

RESULT
EXCITATION SOURCE OETECTOR

REACTION ENERGY TYPE RANGE TYPE RANGE
ANGLE

1) G,N ABX THR - 22 c THR -33 ACT-

1

4 PI

2) G,2N ABX THR - 33 c THR -33 ACT-

1

4 PI

3) G,NP ABX THR - 33 c THR -33 ACT-

1

4 PI

2) MIXED WITH G.NP

3) MIXED WITH G.2N

l0°, o >mo (r.n+lr.p)

Table 2

Reaction parameters

Reaction Peak energy

(MeV)
Jcrd£

(MeV • mb)

Mo‘“(7. «t y. p) 15 1110-200
Mo”(*/, n) 17 750- 70
Mo»(-/, p) 20 K> 1! o
Mo’«(-/, p) . 20 140- 15

Mo“"(y, np) 23 30- 10

Mo“(-/, np-y, 2n) 29 160= 25

FORM NBS-418
(REV. 7-I4.S4)
U3COMM.OC 280(0. P«4 PHOTONUCLEAR DATA SHEET 496

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



S. Costa, F. Ferrero, S. Ferroni, L. PasqualLini and E. Silva -

Istituto Nazionale di Fisica Nucleare - Sezione di Torino

Nuclear Phys. 72, 158 (1965)

METHOD

also
ELEM. S YM. A

Mo 92 42

REF. NO.

65 Co 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N RLX THR - 70 C 12-70 ACT-

1

4PI

Measured isomer production ratio.

Spin cut off <1.5

Table I

Spins and half-lives of isomeric states

Target

nucleus

Spin of iso-

meric states

Half-life Modes of decay

(used for de-

tection)

Detection method

"K 0+ 0.95 sec 0* (100%) y-y fast-slow coincidence (resolving

time 0.2 and 2 /isec)

3+ 7.7 min 0* (> 99 %) y-y coincidence

“Zr i~ 4.3 min y (93 %)

0+ (1.7%)

Nal (well type) spectrometer cen-

tered on the 0.588 MeV y ray line

y-y coincidence

/- 0 !
+ 79 h 0* (30%) y-y coincidence

MMo i~ - 66 sec y (57 %)

0* (38 %)

Nal (well type) spectrometer cen-

tered on the 0.658 MeV y ray line

y-y coincidence

©n
l
+ 16 min 0* (94 %) y-y coincidence

form NBS-418
(REV. 7-1 4- 84)
U3COMM.CC 2001 0-P04 PHOTONUCLEAR DATA SHEET 497
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NATIONAL BUR EAU OF STANDAROS



R. W. Gellie
Aust. J. Phys. 21, 765 (1968) 42

method REF. NO.

68 Ge 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N AJBX 12-26 C THR-26 ACT-

1

4PI

1

Fig. 1.—Cross sections for

(o) **Mo (y, n) reaction,

(6)
10°Mo (y.n) and (y.n)+(y,p)

reactions, and

(c) (y,p) reactions for *TMo, **Mo,

and l##Mo.

In (c) the cross section for the
1MMo (y, p) reaction has been

adjusted in energy. See text for

further explanation of curves.

form NBS-418
IR EV. 7.1 4-8*1
USCOMM-OC 2801 0-P84 PHOTONUCLEAR DATA SHEET 498

u.s. department of commerce
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REF.
Y. Oka, T. Kato and A. Yamadera
Bull. Chera. Soc. Japan ^1, 1606 (1968)

ELEM. SYM.

Mo 92 42

METHOD REF. NO.

68 Ok 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OET ECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABY THR-20 C 20 ACT-

I

4PI

ISOMERIC YIELI

Table 1. The parttculam op the (y.n) reaction products and the data obtained

WITH 20 MeV BREM3CTHAHLUNO

Nuclide
Half-life

of
product

(sec)

Gamma-ray determined
Limit of
detection

(pg)

Yield
(mol"‘-R _l

)

Parent
(Natural

abundance, %)
Residual

Energy
(MeV)

Branching
ratio (%)

Photopeak
activity

(cpm/mg}*>

**Mg(78.60) »Mg 9.9 0.511 200 2.04X10* 0.49 8.1x10*

"Ge<7.67) Ge 48 0.139 100 6.37x10* 1.6 1.1 x 10*

nSe(23.52) ”“Se 17 0.162 100 1.82X10* 0.55 1.2x10*

“Mo<15.86) tunMo 65 0.650 57 2.22x10* 4.5 2.7x10*

>«Ce{88.48) 13*01(2c 58 0.745 100 1.06x10* 0.95 1.3x10*

“*Nd(27. 13) 64 0.760 100 3.19x10* 3.1 1.4X10*

“*Tb(100) i»»»xb 11 0.111 100 2.56x10* 3.8 2.2x10*

a) The value corrected at the end of one-minute irradiation with the dose rate of

10’ R/min; Counting geometry is 20% with a 3"dia. x3"NaI(Tl) detector.

form NBS-418
(R EV. 7-M.MI
USC OMM.OC 20 010. P64 PH0T0NUCLEAR DATA SHEET 499
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REF.

method

EC. Shoda,
PICNS-69

M. Sugawara, T. Salto & H. Miyase
Proceedings of the Conference on Nuclear Isospin.
Asilomar- Pacific Grove, California 1969 (Academic Press,
New York & London 1969 )p. 125.

ELEM. SYM. A

Mo

REF. NO.

69 Sh 6 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,P SPC 11-18 D 20 D 20 UKN

Ne

N,|

’.V

Sr

Ee = 30 MeV

S'» •«*’.

•.nv‘. e.

0 2 4 6 8 10 12 14

r A*
Ee - 20 MeV

0 2 4 5 S 10 12 14

No!
A «

f * Zr

4 Ee=20MeV

0 2 4 6 8 10 12 14

V
Mo

Ee=20 MeV

0 2 4 6 8 10 12 14

Bo (MeV)

Fig. 1. Energy distributions of photoprotons.
Vertical broken lines and solid lines
indicate the position of p Q corres-
ponding to the ground IAS and electric
dipole IAS ( 2 ->\ ) respectively.

form N3S-418
(R EV. 7-1 4. 641
use OMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 500

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



REF
- B.S. Ishkhanov, I.M. Kapitonov, E.V. Lazutin, I.M.

and O.P. Shevchenko

Yad. Fiz. 11, 702 (1970)

Sov. J. Nucl. Phys. J^l, 39^ (1970)

METHOD

Piskarev, |elem. svm. a

I

|

Mo

REE. NO.

i+2

70 Is 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABX THR-30 C THR-30 BF3-I 14-PI

:

We used the 35-MeV betatron of our institute to In-

vestigate photoneutron reactions on the isotopes Mo92

and Mo 9
*. The yield curves of the reactions (y, Tn)

were measured in the energy range from 7 to 30 MeV
in steps of 100 keV. The targets were prepared from
metallic Mo. The content of the investigated isotopes

was not less than 97%. The use of a highly efficient

neutron detector (e * 45%) and of a multichannel

method of measurements has made it possible to obtain

the yield curves with high accuracy (0.1% in the region

25-30 MeV) and to observe, for the first time, the in-

termediate structure of the giant resonance on the iso-

topes of Mo. The statistical reduction of the experi-

mental information and the determination of the cross
sections of the photoneutron reactions was carried out

in accordance with a program prepared by the Compu-
tational Center of the Moscow State University 1 11

.

The obtained cross section of the reactions a(y, Tn)
= o(y, n) + 2<x(y, 2n) + <7(y, np) are shown in the figure,

from which it is seen that approximately 15 resonances
are observed in each cross section.

The widths of the giant resonances in the reaction

(y, Tn) on Mo92 and Mo 9* are 5 and 7 MeV respec-
tively (curves a in the figure). After taking into ac-
count the multiplicity in accordance with the data of C2J

for this region of nuclei, the cross sections obtained
were on = a(y, n) + <j(y, 2n) + o(y, np) (curves b). The
widths of these cross sections for Mo 92 and Mo 9 * are
the same and equal 5 MeV. The curves c correspond
to the cross sections <r(y, n) + u(y, np). The widths
for them are 5 and 3.5 MeV respectively for Mo 92

and
Mo 9*.

The widths On of the integral cross sections of the
reactions for Mo 92 and Mo 9* are 1.29 ± 0.13 and 2.0
± 0.2 MeV-b. The integral cross section on increases
with increasing N - Z for isotopes of a given element.
It is interesting to note, however, that in the case of

Mo the increase of and of the width of the giant

resonance is due to the cross section of the reaction

(y, 2n). Thus, for Mo 52 we have <r( y, 2n) = 0.17
± 0.02 MeV-b, whereas for Mo 90 we have <r(y' 2n)
- 0.83 ± 0.08 MeV-b, i.e., the cross section of the re-
action (y, 2n) increases by almost five times. Such a
sharp increase of the cross section of the reaction
Mo"(y, 2n) is connected with the low threshold of the

(y, 2n) reaction, namely E^^oa(y, 2n) = 15.5 MeV.
For comparison, we point out that 2n)

= 22.3 MeV.
For the reaction (y, n) +(y, np), the integral cross

sections for Mo 92 and Mo 9* are respectively 1.12
±0.11 and 1.10 ±0.11 MeV-b.

Effective cross sections for Mo’1 and Mo0
’: a - <7(7. TnV. b - a(y.

n) + 0(7, 2n) + 0(7, np): c - 0(7. n) + 0(7. rip); d - total-absorption

cross section Oy, obtained in (“1 for Mo"4
(right-hand scale).

There are at present no published data on the struc-
ture of the photoneutron cross sections on the Mo iso-

topes. Such general characteristics of the giant reso-
nance as the position and magnitude of the integral

cross section are known only for the reaction

Mo 9J
(y . n)^

3' 5
*. Even these results, however, are highly

contradictory. Thus, data on the width of the giant

resonance, obtained in t3,
t exceed the data of

"
1 by a

factor of 2.

In conclusion, let us compare the experimental re-
sults obtained by us with the calculations performed on
the basis of the collective dynamic theory "'. The
photodisintegration of the Mo 94 was calculated within

the framework of this theory, and. the result is shown
in the figure (curve d). We see that the theoretical

calculation agrees only roughly with the experimental
data. The experimentally measured cross sections re-

501
* OF COMMERCE
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REF - W. B. Walters, J. R. Van Hise, W. L. Switzer, J. P. Hummel
Nucl. Phys. A157 . 73 (1970)

|

ELEM. SVM. A Z

I

I

Mo 92 42

method

!

70 Wa 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, 2N RLY THR-305 c 150-305 ACT-

I

4PI

G,PN RLY THR-305 c 150-305 ACT-

I

4PI

Tabu 1

Summary of measured yield ratios

Target Bremsstrahlung energy

(MeV)
Measured yield ratio

natural Cr ISO **Cr/**V =- 0.043 ±0.002

250 0.047 ±0.009

30S 0.042±0.002

enriched **Cr 250 0.025±0.0OS

natural Fe 250 ”Fe/”Mn = 0.037 ±0.003

enriched s*Fe 250 0.024±0.005
52,Mn/(4J“Mn-r JJ,Mn) - 0.47 ±0.02

natural Y ISO ,7Y/,7“Sr - 12.9 ±1.6

natural Mo ISO *°Mo/»°Nb - 0.41 ±0.05

280 0.49 ±0.05

Tabu 2

Summary of experimental and theoretical ratios of (y, 2n) to (y, pn) yields

Target

isotope

Bremsstrahlung

energy

(MeV)

Experimental

(y. 2n)/(y, pn)

yield ratio

Calculated

(y, 2n)/(y, pn)

yield ratio

S0Cr 250 0.095 ±0.025 0.14

,4Fe 250 0.10 ±0.03 0.07

**Y ISO 7.4 ±1.0 6.7

**Mo 130 0.41 ±0.05 0.15

280 0.49 ±0.05 0.16

FORM NBS-418
(REV. 7-14- 04)
use OMM-O C 26010-P64

U.s. DEPARTMENT or COMMERCE
rrt/) NATIONAL 0UPEAUOP STANDARDS

PHOTQNUCLEAR DATA SHEET



REF.
P.

J.

METHOD

E. Haustein and A. F. Voigt
inorg. nucl. Ghem. 33^ 289 (1971)

Mo

REF. NO.

Z

92 42

71 Ha 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N KLY 13-70 C 70 ACT -I 4PI

Isomer ratio = (yield to low spin state)/(yield to high spin state) ISOMER RATIO

Tabic 2. Isomer ratio measurements for"Mo. '”Ce. and ,4,Nd

Reaction Isomer I
9 /• 1’ Threshold 4 M-'“

ratio Target Ground Isomer (MeV) (MeV)
state

Moty. ni"Mo 1-92x0-15 0* 13-13 16-60

**Mo<y. 3np’Mo 1 -59x0-16 0*
9/2* 1/2-

30-72 16-52

'*Ce<y.*>'"Ce 3-1 0* 10-31 15-30

'-Ce(r.3n)*"Ce MOxO-12 0*

3/2* 11/2*

26-34 13-26

,4*Nd(y. n)M,Nd 3-2XO-3 0* 9-79 15-22

,44Nd(y. 3n),4,Nd 1-80x0-23 0*
3/2* 11/2*

23-67 15-17

FORM N3S-418
IR EV. 7-1 4-S4I
USCOMM-OC 26010-P«r PHOTONUCLEAR DATA SHEET 503
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Phan Xuan Ho, J.B. Bellicard, Ph. Leconte and I. Sick

SEF PICNS-7 2, 125 (1972) Sendai EL EM. STM.

Mo

A

92

z

42

method REF. NO.

72 Ho 6 hvm

REACTION result
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX CMH D 209 MAG-D DST

1=1.51. 2=2.85 MEV

Fig. 5

FORM N3S-418
(R EV. 7-1 4.641

USC OMM-N BS-0 C PHOTONUCLEAR DATA SHEET 504
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NATIONAL BUREAU OF STANOAROS



REF.

METHOD

Phan Xuan Ho, J. B. Bellicard, Ph. Leconte and I.

J. Phys. (Paris) Colloq. 167 (1972)
Sick

Mo 92 42

REF. NO.

72 Ho 10 egf

REACTION RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 1, 2 D 209 MAG-D DST

1.5. 2.85 MEV

form N3S-418
(R EV. 7-14-64)
use OMM-OC 26010-P64 PH0T0NUCLEAR DATA SHEET 505

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



REF
‘ R. Bergere, H. Beil, P. Carlos, A. Lepretre, A. Veyssiere

PICNS-73, Vol. I, p. 525 Asilomar

EL CM. SVM.

Mo 92 42

ree. NO.

73 Be 10 hmg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RAN GE TYPE RANGE

G.SN ABX 12- 28 D 12- 28 BP3-I 4 PI

Fig. 14 Total a(y,n) + a(v,pn) a(Y,2n)
cross section of 92Mo.

Table I

Isotopes 92Mo 9 uMo 96Mo 98Mo lccMo

aon 0.83 0.98 1 .08 1.11 1 .03

^ig« 15 Comparison of the tocal photoneu-
tron cross sections of 92Mo 9uMo
96Mo 98Mo and * 90Mo

FORM NSS-418
<R EV. 7-14-04)
USCOMM-NBS-OC PHOTONUCLEAR DATA SHEET 5Q6

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OP STANOAROS



ref. Phan Xuan Ho, J. Bellicard, Ph. Leconte, I. Sick
Nucl. Phys. A210, 189 (1973)

EL EM. SYM.

Mo

A

92

z

42

METHOD REF. NO.

73 Ho 4 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 1- 3 D 209 MAG-D DST

1.51, 2.28. 2.85

Fig. 5b. Squared inelastic form factor for 2* states of the S = 50 isotones.

Table 6

Inelastic cross sections for E, = 209 MeV on ,2Mo

(3~) 3 57—

(2+) 3.09—

>

(3“) 2-85-*.

(6^) 2.61-*.
(5-) 2.52-*.

(4
+
) 2.28-*.

fc-*) 1.51

e

(deg.)

(2
+
)e = 1.51 MeV
da/dI2(mb/sr)

(3")e = 2.85 MeV
dCT./dflfmb/sr)

(4
+
)e = 2.28 MeV
d<j/df2(mb/'sr)

35 0.209 E-l ±0.220 E-2 0.197 E-l ±0.220 E-2
40 0.916 E-2±0.630 E-3 0.114 E-l±0.700 E-3 0.161 E-2±0.300 E-3
45 0.363 E — 2 ±0.200 E-3 0.708 E-2 ±0.440 E-3 0.112 E — 2±0.!00 E-3
50 0.139 E— 2 ±0.800 E-4 0.418 E—2± 0.230 E —

3

0.829 E — 3 -‘-0.630 E-4
55 0.533 E-3 ±0.400 E-4 0.221 E—2— 0.140 E-3 0.593 E — 3±0.410 E-4
60 0.175 E-3 ±0.250 E-4 0.957 E- 3±0.470 E-4 0.367 E — 3±0.230 E-4
65 0.996 E — 4±0.153 E-4 0.330 E— 3 ±0.220 E-4 0.215 E— 34-0.180 E—

4

70 0.697 E — 4±0.880 E-5 0.100 E— 3±0.I20 E-4 0.124 E-3-r 0.110 E-4
75 0.549 E —4±0.560 E-5 0.223 E— 4±0.7I0 E-5 0.469 E -4-0.600 E-5
80 0.362 E — 4±0.280 E-5 0.232 E— 4±0.400 E-5 0.193 E —4 — 0.250 E-5
85 0.214 E-4±0.I70 E-5 0.260 E— 4±0.330 E-5 0.509 E — 5— 0. 1 69 E-5
yo 0.122 E-4±0.130 E-5 0.270 E—4— 0.250 E-5 0.137 E — 5 ±0.940 E-6
95 0.501 E — 5 ±0.900 E-6 0.215 E—4±0.220 E-5 0.877 E-6±0.6S7 E-6
110 0.546 E-7±0.325 E-7 0.536 E — 5 ±0.440 E-6 0.422 E — 6±0.210 E-6

Energy level diagram given by ref. 2 *). Levels excited in our experiment arc shown with solid lines, dashed lines correspond to other levels. The
experimental values are normalized with the elastic cross sections calculated by a phase shift program using a 3-parameter Gaussian model. The
parameters (c - 4.610, z — 2.520, w = 0.190) arc obtained from ref.

1

8

)

.

(over)
form N3S-418
(REV. 7-1 4* 64)
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Fig. 6b. Squared inelastic form factor for 3 “ states of the N = 50 isotoncs.

Fig. 7b. Squared inelastic form factor for 4* states of the N — 50 isotones.

18
Phan-Xuan Ho, J. Bellicard, A. Buaslere, M. Prlou,

Nucl. Phys. A179 (197 2) 529.

24
Nuclear Data Sheets B (1970).
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‘

H. Beil, R. Bergere, P. Carlos, A. Lepretre, A. De Miniac, and
A. Veyssiere

Nucl. Phys. A227 , 427 (1974)

EL lM. SYM.

Mo 92 42

METHOD REF. NO.

74 Be 3 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ancle

TYPE RANGE TYPE RANGE

G.N * ABX 12- 30 D 12- 30 BF3-I 4PI

G.2N ** ABX 22- 30 D 22- 30 BF3-I 4PI

* 693
** 694+

PRRT IRC CROSS SECTIONS OF NOLYSCENCM 92

Fig. I. Partial photoneutron cross sections n{y, n)+a(y, pn) and a(y, 2n) of ,!Mo. Arrows B„ and
Blt indicate theoretical threshold values for (y, n) and (y, 2n) reactions respectively.

TQTRL CROSS SECTION OF MOLYBDENUM 92

Fig. 7. Total photoneutron cross section crT , n (£) of ,!Mo. The solid line is merely to guide die eye. (over)

form N3S-418
IR EV. 7-1 4-841
USCOMM-OC 28010-P84 PHOTONUCLEAR DATA SHEET 509
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Table 3

Lorentz line panmeters £i, o t and A corresponding to the best single Lorentz line (its to th<-

expcrimental <tt,.(£) curves shown in fig. 12

Ei (McV) <Ti (mb) A (MeV)

**Mo 16.9 ±0.1 I54±10 5.4±0.2
*4Mo 16.4±0.I 1 84± 10 5.7±0.2

**Mo 16.2±0.1 I S4 ±10 6.3 ±0.2
9,Mo 15.8 ±0.1 189 ±15 6.0±0.2

,0#Mo 15.7±0.1 170+10 7.9 ±0.2

Table 4

Integrated photoneutron cross sections and sum rules of the Mo isotopes

Nucleus 9IMo 94Mo ,sMo 9,Mo 100Mo

(MeV) 29 29 29.5 29 28.5

(To. (MeV • b) 1.10 1.37 1.53 1.60 1.58

00a
0.804 0.98 1.08 1.11 1.08

0.06 NZA * 1

<r_,« (mb) 60 79.3 89.2 95.4 95.4

<x_i. A~i (mb) 0.145 0.186 0.203 0.211 0.206

<r_ j. (mb • MeV* 1

) 3.3 4.8 5.1 6.0 6.1

a-i.A-i 0<b- MeV* 1

) 1.77 2.48 2.55 2.91 2.S6

The notation used is defined in the text.
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REF
- E. Shoda, H. Miyase, M. Sugawara, T. Saito, S.

A. Suzuki, J. Uegaki

Nucl. Phys. A239 , 397 (1975)

METHOD

Oikawa, EL EM. SYM. A
I

z

Mo 92

REF. NO.

42

75 Sh 4 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,P ABX 14- 26 D 14- 25 MAG-D 90

El virtual photon spectrum used to obtain (y,p) cross sections.

Fig. 3. Differential (y. p) cross sections at 0 = 90* analysed front (e. e'p) cross sections by the least

structure method.

Fig. 4. Angular distributions of protons from the (e.e'p) reaction. The bombarding energies are
21.5, 22 and 20 MeV for s

*Sr,
00lr and 92Mo respectively. The best fit curves obtained with eq. (7)

arc also shown.

Table 2

The parameters of the angular distributions determined by the least-squares fits with
do/dtf = A [1 +5sinJ0(l

“Sr 90Zr 92Mo

£. (MeV) 21.5 22 20

A') 1 2.04 6.67

B 0.59 0.69 0.057

P 0.59 0.47 2.3

*) Relative value.

Fig. 8. The caption is the same as in fig. 5. but a(y, p0 ) is the present result while the plots and

Lorentz line for the (y, n) reaction are from ref. “).

Fig. 5. Upper figure: open circles, tr(y, p); closed circles, a(y, n) [ref. *•)]; closed points, a(y, p0 )

[ref. **)]; solid line, Lorentz line fit to the T< region of <r(y, n) [ref. *•)]; dotted line, Lorentz line
fit to the T< region of a(y. p) with r, and if, equal to those of a(y, n). Lower figure: ratio between

cross sections. Dotted line: constant for o(y, p)/o(y, n) determined around T< GDR.
i-orm N3S-418
(REV. 7-1 4.641

use omm-n as-oc

^K. Shoda et al., Nucl.

Phys. A221 (1974) 125
18

A. Lepretre et al., Nucl.

Phys. A175 (1971) 609
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REF.

H. Bartsch, K. Huber, U. Kneissl, H. Krieger

Nucl. Phys. A256 , 243 (1976)

ELEM. SYM.

MD 92 42

method REF. NO.

76 Ba 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N RLY THR-UKN C UKN SCD-D 4PI

Tabu 1
ISOMER RATIO

Experimental and theoretical results

Process Target-

spin (keV)

r* Spin

high

Spin

low
-
A«f

<*lmw

SCOP (»)

1,1Ta(y,3n) t
+ 93 2.2 h

9.31 min

8.15 h

7- l* 0.51 =0.09 3.6 ±0.2

l42Nd(y, n) 0* 755 63 s i* 0.055 =0.006 2.20±0.06

1100-1300, 2.5 h 0.19 =0.01 •)

145

•*Mo<y, n) 0* 6525 66 s I* i~ 1.03 =051 5.03 ±0.75

1208, 1508, 15.49 min 0.85 =0.07*)

1581, 1637 1.92 =0.15*)

100Mo(y, n) 0* 97.3 16.8 /a * 0.85 =0.24 1.72±0.25

140.5 66.02 h
2MPd(y,n) 0 214.5 22s i* 0.5 =0.2 3.4 ±0.5

115 850 ns

110Pd(y, n) o4 188 4.7 min i* 0.11 =0.02 3.14±0.15

113 390 ns i* 0.41 =0.09 3.0 ±0.25

87.7 13.47 h * i* 3.2 ±0.7 3.3 ±0.4

•*Y(y,n) 231.7 14.2 ms i* l* 0.056=0.008

4425

392.5 300 /a

•) Ref. »4
). *) Ref. 1J

).

14

15

P.E.

J.H.

Haustein et al., J. Inorg. Nucl. Chem. 32, 289 (1971)

Carver et al., Nucl. Phys. 37^, 449 (1962)

form N3S-418
(REV. 7-1 4-641

USC OMM-N BS-O C
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F. R. Metzger

Phys. Rev. C15 , 193 (1977)
ELEM. SYM.

Mo 92 42

METHOD

77 Me 2 hmg

EXCITATION SOURCE OETECTOR
REACTION RESULT ENERGY TYPE RANGE TYPE RANGE

ANGLE

G,G LFT 1- 5 C 2-6 SCD-D DST

(1.509-4.634) (2. 0-5.1)

Levels in ”Mo at 1.509 (2*). 3.091 (2
+
). 3.925 (2

+
). 3.942. and 4.634 MeV have been excited

bremsstrahlung. Based on the angular distributions of the resonantly scattered */ lines, spin one can be

unambiguously assigned to the 3.942- and 4.634-MeV levels. The lifetimes deduced from the scattering yields

are compared with the results of two sets of Doppler shift attenuation experiments which had been analyzed

using different theories for the attenuation factor F(r).

by
5 STATES 1.509-4.634

TABLE II. Comparison of the lifetimes derived for

the ,JMo states from the resonance fluorescence experi-

ments with DSAM results.

Mean lifetimes (fs)

Doppler shift attenuation

£l4t»1
1 Resonance Winterbon Blaugrund

(MeV) fluorescence •F(t) F(t)

1.509 582 ± 37 520:$°
b

420!|S
b

3.091 46.3 ± 4.0 50^" 31.1'

3.925 15.3 ±3.6 24^i
b

**•15 29^?
C

3.942 16.5 ±2.5 14!“
4

3o:i?
c

‘Energies according to Ref. 3 (rounded off).

"Ref. 1.
e Ref. 3.

TABLE I. Properties of the ,:Mo levels excited with bremsstrahlung of energy S5.1 MeV.

(MeV) J* iyr r0Vr (meV) r„ (meV) T ImeV)

1.509(1) 2* 1 1.13 ±0.07 1.13 ± 0.07 1.13 ± 0.07

3.092(2) 2* 0.82(2)" 9.3 ± 0.6 11.3 ±0.8 13.8 ± 1.2

3.925(2) 2* 0.65(5)" 18 ±3 28 ± 5 43 ± 10

3.944(2} 1* 1" 40 ± 6
(40± 6

\60± 20 c 40 ± 6

4.634(2) 1* 0.59 ± 0.19 d 86 ± 13 145± 40 c 250 ± 110

* Energies deduced from the resonance fluorescence data.
b Combining the results of Refs. 3 and 10.
e From a self-absorption experiment.
dFrom a comparison of columns 4 and 5.

form N3S-418
in EV. 7-1 4- 041

use omm-n es-o c

R. Doerr, F. Rauch, et al., Proc. Int. Conf. on Nucl. Struc.

and Spectroscopy, Amsterdam, 1974, ed. by H.P. Blok and A.E.L.
Dieperink (Scholar's Press, Amsterdam, 1974), Vol.l, p.130.
3
C.T. Papadopoulos et al., Nucl. Phys. A254 , 93 (1975).

10
R. Doerr et al., Jahresbericht 1973 (IKF-32) , Inst, fur Kern-

513 physik, Frankfurt/Main (unpublished) p.22.



ReF
' H. Bartsch, K. Huber, U. KneiSJS and H. Krieger

Z. Physik A285 , 273 (1978)

ELEM. SVM.

Mo 92 42

REP. NO.

78 Ba 11

hmg

11/17/80

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,NPG LFT *123(122.6) C 20,40 SCD-D 135

Short-lived isomers in the nuclei 90 - 92Nb, 99Mo, i°»tc and t0,Ru populated in
*KeV, Isomer LFT

photonuclear reactions were studied by pulsed beam techniques. Energy and half-life of
the y-rays deexciting the isomeric levels were measured by recording energy-time spectra.

The delayed y-rays and K X-rays were detected by means of an intrinsic Ge-detector of
high resolution. From the measured intensity ratios internal conversion coefficients were
determined. The multipolarities of the isomeric transitions could be deduced in most cases.

A classification of the observed isomers has been tried on the basis of the obtained experi-

mental results and most recent literature data.

TiMe 1. Experimental result*. £: energy. Tl/2 : halflife, 1^: relative intensity, L: multipolarity, H: hindrance factor

Line £ [keV] T|/i 0»s] Tll2 Os]
(weighted

average)

L. “c Intensity

ratios

L a

**Nb K X-ravs 1

123 122.6 ±0.2 63 ±2 15 0.56 ±032 £2 120
* :Nb K X-rays — —

l •
90 90.4+0.2 50 ±03 103 0.14 ±0.01 £1 13 10 T

"Mo K X-rays - 153 ±0.4 15.5 ±03 1 _
98 97.8 ±0.1 15.6 ±03 0.95 1.45 ±0.27 £2 20

138 137.7 ±0.2 0.79 ±0.09 0.76 ±0.06 1 Ml .

449 449.2+03 0.74 ±0.08 0.97 0.97+0.08 (•M2) (37)

**Tc K X-rays - 14.8 ±0.5 14.6 ±0.4 l

22 21.8 ±0.2 16.4 ±17 from 0.036 £1 + 1% .M2 10
T

26 - — X, 43 -
5.1 ±0.5 (E2) —

,

43 43.5+0.2 14.4 ±0.5 0.18 ,Wl —
“Tc K X-rays - 8.2 ±0.7 8.2 ±03 1

29 28.7 ±0.3 - from 0.027 t

|

m £2 l

172 172.3 ±0.3 8.2 ±03 X, 172 12 82 ±40 (Ml, £2) -
:,!

Tc K X-rays - —
1 •

192 192.0 ±0.3 636 ±8 5.0 0.26 ±0.06 M2 560

‘•'au K X-rays - 16.1 +3.9 17.5 ±0.4 l

220 220.7 + 0.2 17.4 +0.5 from 7.5 Af2 28
306 306.6+0.3 17.7 ±0.6 220,306 9.1 13 ±0.1 - -

form N3S-418
<R EV. 7-1 4-641

USC OMM-N BS-0 C PHOTONUCLEAR DATA SHEET 514
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ref. K. Masumoto, T. Kato, N. Suzuki

Nucl . Inst. Meth. 1 57 , 567 (1978)

METHOD

REACTION result
EXCITATION
ENERGY

SOURCE oetector
angle

TYPE RANGE TYPE RANGE

G,2N ABY 23-68 C 30-68 act

-

j; 4 P

I

Analysis is made of reactions interfering with
photon activation analysis procedures.

The activation yield curves have been presented for a number of photonuclear reactions in the epergy range from 30 to

68 MeV, in order to evaluate quantitatively the interferences due to competing reactions in multielement photon activation

analysis. The general features of the yields as functions of both target mass number and excitation energy were elucidated

from the data obtained, discussion being given on the results in terms of the reaction mechanism.

Simultaneous neutron activation due to appreciable neutron production from the converter and surrounding materials

has also been studied, and. finally, the magnitudes of interferences in real multielement analysis were given in the form

of their energy dependences.

ELEM. SYM.

Mo

A : Z

92 42

REF. NO.

78 Ma 10 hg

AjJ I I I i I I

10' i o'
Nr

Fig. 2. Yield per equivalent quanta versus target neutron num-
ber.

Fig- 7. Activation yield curves for the reactions on Y, Zr, Nb
and Mo.

89 Y(y,n)88 Y, O «Zr(y,nls, Zr. O w Zr(y. pn)38 Y.

A ,3 Nb(y. n),2m Nb. A ,J Nb(y. oti88 Y. B 100 Mol y. n)
99 Mo.

o 97 Mo(y, p)
96 Nb, 3 "Moly. p)

95m Nb.O ,4 Mo(y. pn)9Jm Nb.
98 Mol y, 2n)90 Mo.7 94 Mol y. an)S9 Zr.

u.s. cep^rtment of commence:orm N3S- 1 1

8

REv. ! A. C 515



J J Murphy, II, D.M. Skopik, 0. Asai , and J. Uegakl

Phjj. ReJ. C 18, 736 (1978)
REF.

METHOD

REACTION

E,A

RESULT

ABX

EXCITATION
ENERGY

5-100

SOURCE

100 MAG-D

a panicles from the dectrodisiategmion of seven nuclei with Z between 29 and 79 have been observed.
Energy spectra at 3<r in the laboratory for six nuclei and angular distribtions for five nuclei are reported.
The cross sections exhibit a broad peak whose magnitude decreases with increasing Z; the energy of the
peak increases as Z increases. Angular distributions at the highest energies measured become increasingly
forward peaked suggesting a direct-reaction process.

ELEM. SYM. A

Mo

REF. NO.

78 Mu 9

DETECTOR

RANGE
angle

DST

FIG. 2. The a -particle energy spectra at 50* In the

laboratory for the four new nuclei studied as well as for

two nuclei In which additional data have been obtained.

The solid curves are the evaporation model flts de-

scribed In text.

z

FIG. 3. Energy of the cross section peak as a function

of Z. The solid line Is the energy of the classical

Coulomb barrier. The closed circles are the current

work; the open circles are from Ref. I.

^J.J. Murphy,

D.M. Skopik,

form N3S-418
• REV. 7-1 4-64)

USC OMM-N BS-OC

II, H.J. Gehrhardt, and

Nucl . PhyS . A277, 69 (1977) FIG. 4. Magnitude of cross section peak as a function
” of Z. The closed circles are the current work; the Over

'~ " open circles are from Ref. 1.

PHOTONUCLEAR DATA SHEET 516
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FIG. S. Angular distributions for molybdenum. Errors

ars statistical; curves are to guide the eye. Increased

forward peaking with Increasing energy la taken as evi-

dence for the importance of the direct process at higher

energies.
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A. G. Flowers, D. Branford, J. C. McGeorge, A. C. Shotter, P. Thorle>

C. H. Zimmerman, R. 0. Owens, J. S. Pringle

Phys. Rev. Lett. 43, 323 (1979)

REF.

METHOD

CLEM. JVM.

Mo 92 42

79 FI 2 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPC PANGS TYPC ft AN GC

E,A SPC UKN D 120 MAG-D 30

This paper presents energy spectra of a particles emitted following the bombardment PREEQUILIB A EMISS
of ' Al, n ‘*Nl, JZMo, ,4Mo, and 13TAu with 120-MeV electrons, together with a-particle
angular distributions from ,3TAu and n,tNl for Ea - 30 and 50 MeV. The data are com-
pared with preequilibrium exciton-model and statistical-model calculations. It Is con-
cluded that few-step processes are dominant in the production of a particles with ener-
gies above 20 MeV.

FIG. 1. o-particle energy spectra at 9 a =30% for Et
3 120 MeV. Errors shown are the sum of statistical

and systematic contributions. The solid lines are a
guide to the eye.

TABLE I. Temperatures corresponding to the pre-
equilibrium component of the (e,a

)

reaction, derived

from energy spectra at 9 a = 30* for 120 MeV.

Target Temperature* (MeV)

"Al 5.3

°“Ni 5.5
MZn 5.4
,2Mo 5.6
*4Mo 5.4
«S7Au 6.1

‘Error is ±0.2 MeV.

form N3S-418
in CV. 7-1 A-S4I

USCOMM-NBS-OC PHOTONUCLEAR DATA SHEET 518

u.s. department of commerce
NATIONAL BUREAU OF STANDARDS



ref. t.J. Bowles, R.J. Holt, H.E. Jackson, R.M. Laszewski, R.D. McKeown,
A.M. Nathan, J.R. Specht
Phys. Rev. C24, 1940 (1981)

CL EM. SYM. A

Mo 92

z

42

method REF. NO.

81 Bo 5 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G ABX 15-23 D 15-23 NAI-D 90

Quasimonochromatic photons have been used to measure elastic and inelastic photon

scattering cross sections in the giant dipole resonance region of
,:
Cr. Fe.

40
Ni,

’JMo, and
“’‘Mo in an experiment in which the elastic and inelastic scattering are resolved. The elas-

tic scattering cross sections show clear evidence for isospin splitting of the giant dipole

resonance. The inelastic scattering to low-lying vibrational levels, which is a measure of

the coupling between the giant dipole resonance and collective surface vibrations, is in

qualitative agreement with the predictions of the dynamic collective model. However,
when examined in detail, this model does not provide an adequate description of the

scattering data.

NUCLEAR REACTIONS 52
Cr, Fe, “Ni,

,2-%Mo (y,/), 14<£r < 22
MeV; measured £r, £/, da/dd for y0./t- Compared to DCM predic-

tions. Tagged photons.

FIG. 5. Elastic (closed circles) and inelastic (open cir-

cles) scattering cross sections at t) = 90* on
* !Mo. The

error bars represent statistical uncertainties only. The
solid (dashed) lines are DCM calculations for the elastic

and inelastic cross sections including mot including) the

effect of isospin splitting.

form N3S-418
in ev. 7-1 a- o4i

USC OMM-N 8S-OC
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BC , F.Z . Khien, N.K. Zui, N.T . An
'

Yad. Fiz. 35, 257 (1982)

Sov. J. NucT. Phys. 35, 145 (1982)

EL CM. SYM. A

Mo 92 42

method REF. NO.

82 Kh 2 egf

reaction RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE

G,N NOX 13-14 C 14 ACT-

1

4PI

The method is developed for calculation of the isomeric ratio for the case of low excitation energy of the
residual nucleus, and the isomeric ratio is measured in the (n . 2n | and [y, n | reactions in the neutron-deficient

nuclei
4iMo, *)

Zr. “Sr. and
7

*Se. The good agreement between the experimental and theoretical results on the

(:Y . reaction has confirmed the reliability of the characteristics of the residual nuclei, the transmission
coefficients of the emitted neutrons, etc., used in the calculations. From study of the In, In) reaction we have
obtained values of the parameters of the spin dependence of the level density of the nucleus in the excitation-

energy region — 14 MeV.

ISOMERIC RATIO

PACS numbers; 25-20. + y. 25.4Q.Gr, 27.50. + e, 27.60. + j

TABLE III. Isomeric ratio in the (y,n) reaction.

Tarfct nucleut ®th*or Published d4

•*Mo 1.54*0.13 138 1.82*0.15 <70>
[
0 ]

t.o3*i>2l (!«•!

0.83*0.07 (3o> ( 13

1

“Tf 1.32*0.04 1.49 0.30*0.15 (3u) (151

••Sr 0.70*0.07 086 0.63*0.14 1301 [15|

T‘S« 7.5* 1.0 10.3 «
8.8 J>

'•in parentheses we have given the values of the bremsstrah-

lung maximum energy.
J>In the calculations -we used the nSe level scheme of Ref. 2,

l =1/7 and Im = 1/7.
•'In the calculations we used the level scheme of 3Se in Ref. 3,

l, = 9/7 and Im = 3/T.

U.S. DEPARTMENT CO’.IMEKC-
NATIONAL BUREAU CF 5 T A >i C A R 3 S
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REF.
P. E. Haustein and A. F. Voigt
J. inorg. nucl. Chem. J3, 289 (1971)

ELEM. SYM.

Mo 94 42

METHOD REF. NO.

71 Ha 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

a
,
3N RLY 31-70 G 70 ACT -I 4 PI

Isomer ratio = (yield to low spin state)/(yield to high spin state) ISOMER RATIO

Tabic 2. Isomer ratio measurements for "Mo. '"Ce. and ,4,Nd

Reaction Isomer r /• r Threshold

ratio Target Ground Isomer (McV) (MeV)
state

"Mrty.»i"Mo 1-92x0-13 0*

912* 1/2*

1313 16-60

"Mo<y.3«irMo 1-59x0- 16 0* 30-72 16-52

'"Cety. *)
,1TCe 3-1 0*

3/2* 1 1/2*

10-31 15-30

'•Ce(y.3«),*TCe 1-10x0-12 0* 26-34 15-26

,4,Ndfy.n>,4,Nd 3-2 X 0-3 0*

3/2* 11/2*

9-79 15-22

,44Nd<y. 3«),4,Nd 1-80x0-23 0* 23-67 15-17

form N3S-418
(R EV. 7-1 4-64)
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R. Bergere, H. Beil, P. Carlos, A. Lepretre, A. Veysslere
PICNS-73, Vol.I, p. 525 AsilomarREF. EL EM. SYM. A Z

method

Mo 94

REF. NO.

42

73 Be 10 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G
r
SN ABX 9- 28 D 9- 28 BF3-I 4PI

Fig. 15 Comparison of Che total ghotoneu-
tron cross sections' of 9,LMo 94Mo
96Mo 98Mo and 100Mo

Table I

Isotopes 92Mo 94Mo 96Mo 98Mo 10 °Mo

Gon 0.83 0.98 1.08 1.11 1 .08

FORM N3S-418
(REV. 7.14.441
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REF.
H. Beil, R. Bergere, P. Carlos, A. Lepretre, A. De Miniac, and
A. Veyssiere

Nucl. Phys. A227, 427 (1974)

ELEM. SYM.

Mo

A

94

Z

42

METHOD REF. NO.

74 Be 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

* G,N ABX 9- 28 D 9- 28 BF3-I 4PI

** G,2N ABX 15- 28 D 15- 28 BF3-I 4PI

* 6?6 4-

PARTIAL crgss SECTIONS OF MCLYeCENJM S L1
**697+

Curb)
7

* * j> nT,m * C C T,pr)

130 -

100 -

50 -

% ji (T(T,2n>

*«

TOTAL CROSS SECTION OF M0LY90ENUM 9N

t.'iiTT.T, , .li

»*-? * ** li

Fig. 2. Same as fig. 1, for 9*Mo.

Table 3

Lorentz line parameters Et , cr, and A corresponding to the best single Lorentz line fits to th<-

experimental ar,m(E) curves shown in fig. 12

Et (MeV) ai (mb) A (MeV)

**Mo 1 6.9 ±0.1 154± 10 5.4±0.2
,4Mo 16.4±0.1 1 84± 10 5.7±0.2
**Mo 16.2±0.1 1S4±I0 6.3±0.2
9,Mo 1 5.8 ±0.1 1 89 ±15 6.0 ±0.2

,00Mo 15.7 ±0.1 170±10 7.9 ±0.2

Table 4

Integrated photoneutron cross sections and sum rules of the Mo isotopes

Nucleus «Mo 9«Mo 9SMo 9 3Mo 1 0 0M o

EM (MeV) 29 29 29.5 29 2S.5

<r0 « (MeV b) 1.10 1.37 1.53 1.60 1.5S

aOn
0.804 0.98 1.08 1.11 1.0 5

0.06 NZA * 1

o_i« (mb) 60 79.3 89.2 95.4 95.-’-

O-im A*1 (mb) 0.145 0.186 0.203 0.211 0.2. C

<x_ 2a (mb • MeV* 1
) 3.3 4.8 5.1 6.0 6.1

<r_ia -4*1 (/ib • MeV" 1

) 1.77 2.48 2.55 2.91 2. So
form N3S-418
(REV. 7-14-84)
USC OMM-OC 2801 0-P84 Pb The notation used is defined in the text.
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REF
- H.

Z.

METHOD

Bartsch, K. Huber, U. Kneis3 and H. Krieger

Physik A285 , 273 (1978)
ELEM. SYM.

Mo

REF. NO.

78 Ba 11

A

94 42

hmg

11/17/30

REACTION RESULT excitation
ENERGY

SOURCE detector
angle

TYPE RANGE TYPE RANGE

G,NPG LFT *91(90.4) C 20,40 SCD-D 135

Short-lived isomers in the nuclei 9a92Nb, 99Mo, ’«• loijc and totRu popu |ated ^
photonuclear reactions were studied by pulsed beam techniques. Energy and half-life of
the y-rays deexciting the isomeric levels were measured by recording energy-time spectra.
The delayed y-rays and K X-rays were detected by means of an intrinsic Ge-detector of
high resolution. From the measured intensity ratios internal conversion coefficients were
determined. The multipolarities of the isomeric transitions could be deduced in most cases.
A classification of the observed isomers has been tried on the basis of the obtained experi-
mental results and most recent literature data.

*KeV, Isomer LFT

Tab)* 1. Experimental results. £: energy. T,„: halflife, 1^: relative intensity, L: multipolarity, H: hindrance factor

Line £ [keVg Tm 0«] Tm 0**]

(weighted

average)

A- «c Intensity

ratios

L a

**Nb K X-ravs — 1 — — —

123 122.6+0.2 63 ±2 15 0.56 ±0.22 £2 120

* :Nb K X-rays — — 1
- - -

90 90.4 ±0.2 5.9 ±0.2 10J 0.14 ±0.01 £1 L5 • 10T

"Mo K X-rays — 15.2 ±0.4 15J ±0.2 1 - - - •

98 97.8 ±0.1 15.6 ±0.2 035 1.45 ±0.27 £2 20

138 137.7 + P-2 0.79 ±0.09 0.76 ±0.06 1 Itio/lua “ Ml -

449 449.2 ±0.2 0.74 ±0.08 0.97 0.97+0.08 (M2) (37)

"Tc K X-ravs — 14.8 +0.5 14.6 ±0.4 l
- -

22 21.8 ±02 16.4 ±17 from 0.036 Wit m £l + l*;.V/2 to
T

26 — - X. 43 - 5.1 ±0.5 (£2) —

43 43.5 +0.2 14.4 +0.5 0.18 Ml •

:<h
*Tc K X rays - 8.2 ±0.7 8.2 ±0.3 l

- -

29 28.7 +0.3 — from 0.027 £2 1

172 172J+0.3 8.2 ±0J X, 172 12 82 ±40 (Af 1, £2)

•»«Tc K X-rays - _ 1
- - -

192 1920 ±0.3 636 ±8 5.0 0.26 ±0.06 Ml 560

1,1
Ru K X-rays — 16.1 ±3.9 17.5 ±0.4 l

— -

220 220.7 ±0.2 17.4 +0.5 from 7.5 f joJlno m M2 28

306 306.6 + 0.3 17.7 ±0.6 220,306 9.1 1.2 ±0.1 •

form N3S-418
<R EV. 7-1 4-64)

USCOMM-NBS-OC PHOTONUCLEAR DATA SHEET 526
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bef. K. Masumoto, T. Kato, N. Suzuki

Nucl . Inst. Meth. 1 57 , 567 (1978)
ELEM. SVM. A

I

Z

Mo 94 42

REF. NO.

78 Ma 10 hg

METHOD

REACTION BESULT EXCITATION
ENEBGY

SOUBCE OETECTOB
ANGLE

TYPE RANGE TYPE RANGE

G,PN ABY 17-68 C 30-68 act -X 4 P

I

G,AN ABY 14-68 C 30-68 ACT -X 4PI

Analysis is made of reactions interfering with
photon activation analysis procedures.

The activation yield curves have been presented for a number of photonuclear reactions in the ejiergy range from 30 tc

68 MeV, in order to evaluate quantitatively the interferences due to competing reactions in multielement photon activation

analysis. The general features of the yields as functions of both target mass number and excitation energy were elucidated

from the data obtained, discussion being given on the results in terms of the reaction mechanism.

Simultaneous neutron activation due to appreciable neutron production from the converter and surrounding materials

has also been studied, and. finally, the magnitudes of interferences in real multielement analysis were given in the form

(G,PN)

(G,AN)

TO NB-92M

TO ZR-89M

of their energy dependences.

nt

Fig. 2. Yield per equivalent quanta versus target neutron num-
ber.

Fig. 7. Activation yield curves for the reactions on Y, Zr, Nb

and Mo.
*9 Y(y.n>88 Y. O ^Zrly. n)

39
Zr. O 90 Zr(y, pn)88 Y.

d 93 Nbly,n)92m Nb.A 93 Nb(y, am)88 Y. B l00 Moly. nl’Mo,

O 97 Mo(y. p)
96 Nb, 3 96 Mo(y. p)

93m Nb.O 94 Mo(y. pn)92m Nb.
92 Mol y. 2m90 Mo.V 94 Mol y, am)89 Zr.

-'OflM N3S-4 18
R Z- . t- -

(over)

U.S. DEPARTMENT OF COMMERCE527



E

m»«(M«V)

Fig. 11. Yields of the (y. pn) reactions as a function of brcms-

strahlung maximum energy and target mass number. The
numerical values in the figure are yields per equivalent quanta

in mb.

528



A. G. Flowers, D. Branford, J. C. McGeorge, A. C. Shotter, P. Thorley
C. H. Zimmerman, R. 0. Owens, J. S. Pringle
Phys. Rev. Lett. 43, 323 (1979)

REF.

METMOO

CM. SYM.

no

REF. NO.

94 42

79F12 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TVP| RANGI TYPf RANGE

E,A SPC UKN D 120 MAG-D 30

This paper presents energy spectra of a particles emitted following the bombardment
of nAl, n *,Ni, nMo, mMo, and **,Au with 120-MeV electrons, together with a-particle PREEQUILIB A EMISS

angular distributions from t,TAu and B,tNl for Ea » 30 and 50 MeV. The data are com-
pared with preequilibrium exciton-model and statistical-model calculations. S Is con-
cluded that few-step processes are dominant in the production of a particles with ener-
gies above 20 MeV.

FIG. 1. o-partlcle energy spectra at 9a =30*, for Et

= 120 MeV. Errors shown are the sum of statistical

and systematic contributions. The solid lines are a

guide to the eye.

TABLE I. Temperatures corresponding to the pre-

equilibrium component of the (e,a ) reaction, derived

from energy spectra at 9 a = 30* for Et
- 120 MeV.

Target Temperature* (MeV)

”A1 5.3
°* cNl 5.5
HZn 5.4
kMo 5.6
*4Mo 5.4
ijtAu 6.1

•Error is ±0.2 MeV.

'om NSS-41S
<*tv. 1 4.641

USCOMM-N1MC PHOTONUCLEAR DATA SHEET 529

U.S. DEPARTMENT OF COMMERCE
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REr M. Schumacher, F. Smend, W. Muckenheim, P. Rullhusen, H.G. Borner
Z. Phys. A300, 193 (1981)

CL CM. SVM.

MO 94 42

METHOO REP. NO.

81 Sc 6 egf

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPC RANGE

G.G ABX 6 6 SCD-D 90

Elastic scattering by nuclei in the range of mass numbers between 64 and 238 has been 6.555 MEV
studied with monochromatic photons in the energy range between 2 and 8 MeV. These
photons were provided either by a Ti(n,y) source installed in the tangential through
channel of the Grenoble high flux reactor, or by 24Na and 56Co sources produced by
deuteron bombardment of A1 or Fe at the Gottingen cyclotron. The photoexcitation of

23 nuclear levels has been observed and the decay properties and groundstate widths of

the majority of these levels have been determined. For the lead scattering target the co-

herent elastic differential cross section has been studied in detail. There is evidence that

below the photo-neutron threshold the elastic scattering via virtual photoexcitation of

the nucleus can be approximated by extrapolating the real pan of the Giant Dipole
Resonance amplitude along a Lorentzian curve. Coulomb corrections to Delbriick scat-

tering seem to play a small role at 6.5 MeV.

Tabic 4. Properties of levels observed by photoexcitation. (<f<r/4Q)
N,F

: experimental differential cross section per iden-

tified isotope or element for resonance scattering through 0-90° /*: spin-parity of excited level; W{9): angular cor-

relation function; g=*(2/„ + l)/(2/
f + 1); r0 : radiative groundstate transition width, f : total level width. Errors in the

last digits are given in parentheses

Isotope £7

(MeV)

(doidQ)*'
f ‘

(pb/sr)

r rjr w[9) gr0
1/r

(meV) (meV)
V
(meV)

”*U 1754 13 (4) (t) 0.77 0.145 0.084 -

23»U 3.254 421 (5)
1- 0.24 0.83 1.5 0.52(15)*

2°’Bi 6.555 2.1 (4)102 - - 0.74 0.74 s -

20*Bi 7.168 1.7 (3)- 10s 9/2** 1.00 710 786 820 (40)*

2°3Ti 6.418 8.75(30)- 10
3 1/2* 0.28 30 102 82 (15)*

T1 6.759 1 (3)
- - - -

Hg 6.555 68 (17)
- * * "

I86^y 6.418 5.2 (3)102
1
— 0.32 1.75 14 -

I84W 6.555 9.8 (10) 102 (1) 0.52 3.44 2.9

1!*W 6.759 46 (10) (1) 0.58 0.17 0.13

1,,Ta 3.010 174 (17) - 0.72 0.42 0.59

lslTa 6.418 62 (4) - 0.73 0.2 0.27' *

mTa 6.759 4.8 (12) - - 0.018 O.OI8 b -

‘“’Ho 6.418 10.3 (30) - - 0.035 0.035 b -

“ 5Ho 6.759 5.6 (14) - - 0.021 0.02 l
b -

Nd 2.754 2.6 (5)
- - - -

Nd 3.254 14.0 (10)
* * - ~ *

Ce 6.759 13.4 (10) - - - - -

lil Sb 3.452 2.20 (5)- 10
3 - 0.60 2.9 4.9 b -

100Mo 6.418 1.53 (4)- 10
4 1-* 0.88 52 26 25 (8)*

“Mo 6.555 4.4 (4) 10
3

(1) 0.33 15 21

Mo 6.759 6.2 (15) - - - -

Mo 7.168 8.2 (26) 10
2 - “ * “

* [II] b W{9)grjr=l assumed c l*'(0)g=l assumed
*
[28] (a small correction has been applied to the data of [28])

* Upper limits in case not all the transitions to lower levels were observed
1 Present work * Previous work

form N3S-41S
'REV. 7.1 4.441
USCOMM.OC J60I0-P64 PHOTONUCLEAR DATA SHEET 530
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REF.
H. Langhoff, R. Cesareo and A. Flararaersfeld

Z. Physik 20£, 1 (1967)

EL EM. SYM.

Mo 95 42

METHOD REF. NO.

67 La 3 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.G LET 1 D 1 NAI-D 0-1 DST

(766 keV)

2.9± [*q psec.Lifetime

w(e) = 1 + AgPa (cose)

1=0.766 MEV

a = o 5
* 3

As U.5
_ 0#2

form NBS-418
(REV. 7» 1 4» 04)
U3COMM.OC 20010-P64 PHOTONUCLEAR DATA SHEET 533
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Ref- H. E. Jackson

Phys.Rev. lgj, 1687 (1962)

Elem. Sym.

Mo

Ref. No.

62Jal

96 42

Method

reactor, Argonne fast chopper - Nal(Tl) 8 c-

Reaction E or A E dE J n Notes

Mo^^(n,Y)Mo'^ E up
n r 107 eV

to 700eV

Resonance due to capture ofp wave

neutron; El transition

Capture of y-ray spectrum studied

in order to identify individual

resonances due to pwave neutron

capture.

Detector at 90°

- 0 .

— : w«v

form NBS-418
(8-1-93)
U3COMM-OC 188S6-PS3

u.s. department of commerce
national BUREAU of standards
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REF. Yu. P. AnCuf'ev, V. L. Agranovich, V. B. Ganenko, V. S. Kuzmenko, elem. S ym.

I. I. Miroshnichenko, and P. V. Sorokin
Ukr. Fiz. Zh. 1£, 248 (1969) Mo 96

z

42

REF. NO.

69 An 6 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE range

G,P ABY 106-999 C 700,999 TEL-D 97-230 DST

G,D ABY 113-999 C 700.999 TEL-D _ 97- 205 _ _ DST

999 = 1.2 GEV

Summary

The cross-sections of the (y, p) (Y. d) reactions were investigated. LP, Be* C'*, Si".
Cu®, Mo" and Ta 1* 1 targets were irradiated with the bremsstrahlung of 700 and 1200 MeV
maximum energy from the Kharkov PhTI Ac. Sci. UkrSSR linear accelerator. The photo-
protons and deuterons were detected by the scintillation telescope at 30*. 60*, and 120*
with the beam. Possible mechanisms of the proton and deuteron photoproduction are dis-
cussed. The qualitative agreement of A dependence of the cross-sections is observed with
a suggestion on the meson mechanism for these reactions.

-££-.±.,0*
OQtfCQ A

0 (,-noontt

WfO 'Wa '

i;moH"

Phc. 1. 3aviejKHicTb nepepfry (y. p)-peaiciul six A: a— 0-30*. £,-97 Met- 6— £,-
-205 Met-, a— $-60*. £,-230 Met ; a— £,-157 Met (X — JUHi [3]); <9— 0-120*.
O — £,— 120 Met, A— £, — 157 Met, — £,— 230 Met. ACcomoTxe axaxexK* nepepiay
MaBeaeHO npx exeprii nporoxia £, — 120 Men. Ixiui Aaxi xopMoaaxi ao nepepiay juih Li7

npx £,— 120 Met.

Pxc. 2. 3anex<KicTb nepepiay (y, d)-peaxuiT bi'a NZIA: a— 0-30*. £<—97 Met; 6 — 0—
“30*. £< — 205 Mea\ a: ^ — 0—60*. £<—97 Mea, O — 0—120*. £<—97 Mea (nepepiax

xaaeAexi b oaiixiiuhx I0~m CM3/crep • Mea • Q).

form NBS-418
(R E V .

7*1 4-041
USCOMM-OC 20010-P04 PH0T0NUCLEAR DATA SHEET 538
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R. B. Begzhanov and S. M. Akhrarov

ZhETF Pis. Red. H), 39 (1969)

JETP Letters .10, 26 (1969)

METHOD

Mo

REF. NO.

96 42

69 Be 7 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,G LFT 6.0 D 6.0 D DST

(6.41,6.44) (6.41,6.44) (90,135)

Self-Absorption. 6.4.1. 6.42 MEV

Results of determination of the resonance-level parameters

Source-
scatterer

A V % r
Xo»

eV

0,
keV

Reference

Pb - Z«64 7,38 33±4.5 0.59i0.12 53.70d0.13 This work

Ti - Mo 96 0.413 11.2 ±1.4 0.11*0.02 8.68± 1.57 M

Ti - La 139
6,413 16 04«2.10 0.2810.05 8.03* 1.42 II

T. Bi 209 7.15 1200 *230 0432 ±0,07 1.84*0,40 II

6.996 1550 - - (11

- C»«5

7,15 2600 ±800 0.42ifl.l4 - (51

Ti 6.07 423 tl 08 043410.06 99.1il7.4 This work
6.07 4401130 0.36 ±0.07 [5]

T. - C.« [6.07 -215 ± 71 0.18±0.04 57.14il2 tt This vork

[6.07 200 1 60 0.16±0.03 - [6]

- C.63
8.50 22 t 7 0J25±0.08 130±40 This vork

Cr 8.499 35 75 - [1]

[5.50 19 16 028±0.09 - [51

8.S0 36 i9 0.47i0.10 21.35 ±4.54 This vork
Cr - c.« 8.499 80 10.5 — [11

8.50 42 il3 0.94±029 - [61

- S.117

7.01 1150i240 0.15±0.04 0.44 iO.I2 This vork
Cq 7.01 1000 - — [11

- Mo 96
7.01 1200 1400 043 10.3 - [51

Hg 6.44 201 ±37 0.12i0.04 023 13.07 This vork

form NBS-418
(RCV. 7-14-04)
use OMM-OC 20010-P64 PHOTONUCLEAR DATA SHEET 539

u.s. department of commerce
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R. Bergere, H. Beil, P. Carlos, A.

PICNS-73, Vol.I, p. 525 Asilotnar

METHOD

Lepretre, A. Veyssiere EL EM. SYM.

Mo 96

REF. NO.

42

73 Be 10 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,SN ABX 9- 28 D 9- 28 BF3-I 4PI

Fig. 15 Comparison of the total photoneu-
tron cross sections of 9 ^Mo 94Mo
96Mo 98Mo and 100Mo

Table I

Isotopes 92Mo 94Mo 96Mo oXJ
CDc

r* 10 °Mo

Qon 0.83 0.98 1.08 l.n I .08

form N3S-418
(REV. 7-14-A4)
USC OMM-N 8S-0 C PHOTONUCLEAR DATASHEET 540

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



H. Beil, R. Bergere, P. Carlos, A- Lepretre, A. De Miniac, and
A. Veyssiere

Nucl. Phya. A227 , 427 (1974)

o f M

.

Mo 96 42

METHOD REF. NO.

74 Be 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

* G.N ABX 9- 28 D 9- 28 BF3-I 4PI

**G.2N ABX 16- 28 D 16- 28 BF3-I 4PI

*** G, 3N ABX 26- 29 D 26- 29 BF3-I 4PI

*699 ±
**700 100

***701+

SO

CXCaftl

MOIV80ENUM 96
"7

j
- —

t

r

** *V

|
f(T,2n)

|
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V
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PfiRTIfiL CROSS SECTIONS OF MC'.YS££KliM C-S

Fig. 3. Some as fig. 1, for
,(Mo.

TOTAL CROSS SECT] ON OF MOLYBOENUM 96

26 28 30

Fig. 6. Partial photoncutron cross sections a(y, 2n) and a(y, 3n) of 9<Mo, nMo and l°°Mo.
Arrows indicate theoretical threshold values eiven in table 2.
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Table 3

Lorentz line parameters £,, <r, and T, corresponding to the best single Lorentz line fits :o th.
experimental 'Jt.b(E) curves shown in tig. 12

£, (MeV) <t, (mb) £, (MeV)

«Mo 16.9 ±0.1 154±|0 5.4— 0.2
94Mo 16.4±0.1 I84±10 5.74-0.2
,6Mo 16.2±0.l 184— 10 6.3 ±0.2
9,Mo 15.8±0.l I39±I5 6.0±0.2

,00Mo 1J.7±0.1 170±I0 7.9 ±0.2

Table 4

Integrated photoneutron cross sections and sum rules of the Mo isotopes

Nucleus ”Mo 5*Mo 9«Mo 9SMo

£m (MeV) 29 29 29.5 29 23.5

<T0 . (MeV • b) 1.10 1.37 1.53 1.60 1.58

Can
0.804 0.98 1.08 1.11 1.08

0.06 NZA~ l

<r. Ia (mb) 60 79.3 89.2 95.4 95.4

<r_i. A~* (mb) 0.145 0.186 0.203 0.211 0.2)6

(J_ 2 . (mb - MeV- l

) 3.3 4.8 5.1 6.0 6.1

(/ib- MeV- 1

) 1.77 2.48 2.55 2.91 2.i6

The notation used is defined in the text.
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ref. K. Masumoto, T. Kato, N. Suzuki
Nucl . Inst. Meth. 157, 567 (1978)

ELEM. SYM.

Mo 96 42

METHOD REF. NO.

78 Ma 10 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABY 9-68 C 30-68 ACT -_ZT 4PI

Analysis is made of reactions interfering with
photon activation analysis procedures.

TO NB-95M

The activation yield curves have been presented for a number of photonuclear reactions in the energy range from 30 to

68 MeV, in order to evaluate quantitatively the interferences due to competing reactions in multielement photon activation

analysis. The general features of the yields as functions of both target mass number and excitation energy were elucidated

from the data obtained, discussion being given on the results in terms of the reaction mechanism.

Simultaneous neutron activation due to appreciable neutron production from the converter and surrounding materials

has also been studied, and, finally, the magnitudes of interferences in real multielement analysis were given in the form

of their energy dependences.

10
1

10 *

Nr

Fig. 2. Yield per equivalent quanta versus target neutron num-
ber.

Fig. 7. Activation yield curves for the reactions on Y, Zr, Nb
and Mo.

89 Y(y, n)88 Y. © 90
Zrly. n)

89
Zr. O 90

Zr(y. pn)88 Y
A w Nb(y.n)«m Nb.A 9J Nb(y. .zn)

88 Y, D l00 Mo(y, n)
90Mo

O 97 Mol y. p)
96 Nb. 2 9A Moly. p»

95m Nb.O "Moly, pn)9:m Nb
92 Moly. 2n),0 Mo.7 94 Mo(y. an)89 Zr

-orm N3S-418
i 4.r4»

(over)

.
. 3 . :epartment Z ? commerce
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imi

(M«V

>

Fig. 10. Yields of the <y, p) reactions as a function of brems-

strahlung maximum energy and target mass number. The
numerical values in the figure are yields per equivalent quanta

in mb.
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REF - T .0. Bowles, R.J. Holt, H.E. Jackson, R.M. Laszewski
A,M. Nathan, J.R. Specht
Phys. Rev. C24, 1940 (1981)

METHOO

R.D. McKeown, ELEM. SYM. A Z

Mo 96 42

REF. NO.

81 Bo 5 hg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G ABX 14-23 D 14-23 NAI-D 90

Quasimonochromatic photons have been used to measure elastic and inelastic photon
scattering cross sections in the giant dipole resonance region of 52

Cr, Fe. “Ni, 92Mo, and
“‘Mo in an experiment in which the elastic and inelastic scattering are resolved. The elas-

tic scattering cross sections show clear evidence for isospin splitting of the giant dipole
resonance. The inelastic scattering to low-lying vibrational levels, which is a measure of
the coupling between the giant dipole resonance and collective surface vibrations, is in

qualitative agreement with the predictions of the dynamic collective model. However,
when examined in detail, this model does not provide an adequate description of the
scattering data.

NUCLEAR REACTIONS ,2
Cr. Fe, “Ni, 92-*Mo (y,/), !4<Er < 22

MeV; measured £/, da/dCL for y0 y x
. Compared to DCM predic-

tions. Tagged photons.

FIG. 4. Elastic (closed circles) and inelastic (open cir-

cles) scattering cross sections at Q— 90* on 96Mo. The

error bars represent statistical uncertainties only. The

solid lines are the OCM calculations for the elastic and

inelastic cross sections. The curves corresponding to

calculations with and without isospin splitting are indis-

tinguishable.

FORM N3S-418
(R EV. 7-1 4-64)

USC OMM-N BS-OC PHOTONUCLEAR DATA SHEET 545
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R. W. Gellie, K. H. Lokan
Nucl. Phys. 60, 343-343 (1964) Mo

METHOD

Betatron;

REF. HO.

ion chamber monitor 64 Ge 1

97 42

JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABX THR - 26 C THR - 33 ACT - I 4 PI

IOO
Mo (r,n+»,p)

Table 2

Reaction parameters

Reaction
Peak energy

(MeV)
j
ctcLE

(MeV • mb)

Mo 100 (/, n— 7, p) 15 1 1 10—200

Mo“(7, n) 17 750- 70

Mo5,
(7, p) 20 215- 50

Mo”(7, p) 20 140- 15

Mo“(7, np) 23 30- 10

Mo“(7, np— 7, 2.n) 29 160- 25

FORM NBS-418
(REV. 7.14-841
USC OMM.OC 2S010-PS4 PHOTONUCLEAR DATA SHEET 549
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NATIONAL BUREAU OF STANOARDS



R. W. Gellie
Aust. J. Phys. 21, 765 ( L968)

Mo 97 42

METHOD REF. NO.

68 Ge 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE oetector
ANGLETYPE RANGE TYPE RANGE

2iP ABX 13-26 C THR- 26 ACT-

I

4PI

a

o
£

Present work Fig. 1.—Cross sections for

() MMo (y, n) reaction,

() l0#Mo (y,n) and (y,n)+(y,p)
reactions, and

(«) (y.p) reactions for MMo, **Mo,
and 100Mo.

In (c) the cross section for the
100Mo (y.p) reaction has been
adjusted in energy. See text for
further explanation of curves.

form N8S-418
(R EV. 7-1 4. 04)
USCOMM-OC 2S0 1 0- PS

4

PH0T0NUCLEAR DATA SHEET 550
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E.J. Winhold, B.H. Patrick, E.M. Bowey, and D. B. Gayther
REF

- PICNS-73, Vol.I, p. 701 Asilomar
EL EM. SYM.

Mo 97 42

METHOO
REF. NO.

73 Wi 6 hmg

SOURCE DETECTOR

REACTION RESULT ENERGY TYPE RANGE TYPE RANGE
ANGLE

G.N ABX 6- 10 G 7- 10 TOF-D 130

O 1 V/T7T7

Table I

Reaction
Thres-
hold
(MeV)

Energy
Range of
Experiment
(MeV)

Observed Peaks
Peak
Energy
(MeV)

da .— at pea*

(mb/s ter.

)

4 it ciEJW i30
o 7

pea*

87
Sr( 7 ,co

) 8.44 9.4-11.1 (MeV-m’o)

3TSr(7,n
1

) 9.52 10.5-11.1

51
Zr(7,n

Q
) 7.19 7.8-10.3 9.1 1.2 20

6.82 7.3-9.

2

8.1 0.3 3

U3
Cd(7,n

o
) 6.54 7. 4-9.3 7.7 0.9 7

L17
Sn(7,n

o ) 6.94 7. 6-3.3 7.3 2.5 20

L15
Sn(7,n

o
) 6.48 7. 1-9.0 7.8 1.6 18

form N3S-418
(R EV. 7-1 4-44)

USCOMM-NBS-OC PHOTONUCLEAR DATA SHEET 551
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ref. K. Masumoto, T. Kato, N. Suzuki

Nucl . Inst. Meth. 157, 567 (1978)
ELEM. SYM.

Mo 97 42

78 Ma 10 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECT 0 R

ANGLE
TYPE RANGE TYPE RANGE

G,P ABY 9-68 C 30-68 act-jt 4 P

I

Analysis is made of reactions interfering with
photon activation analysis procedures.

The activation yield curves have been presented for a number of photonuclear reactions in the energy range from 30 to

68 MeV, in order to evaluate quantitatively the interferences due to competing reactions in multielement photon activation

analysis. The general features of the yields as functions of both target mass number and excitation energy were elucidated

from the data obtained, discussion being given on the results in terms of the reaction mechanism.

Simultaneous neutron activation due to appreciable neutron production from the converter and surrounding materials

has also been studied, and. finally, the magnitudes of interferences in real multielement analysis were given in the form

of their energy dependences.

Nr

Fig. 2. Yield per equivalent quanta versus target neutron num-
ber.

Fig. 7. Activation yield curves for the reactions on Y, Zr. Nb
and Mo.

89 Yly, n)88 Y. © ^Zrfy. n)8, Zr. O ^Zrly, pn)88 Y,

A 93 Nbly. n)
92m Nb.A 93 Nb(y. mi)88 Y. B l00 Mo(y, n)"Mo.

o 97 Mot y. p)
96 Nb, 3 96 Mo(y, p)

95m Nb.o 94 Mo(y. pn)92m Nb.
92 Mol y, 2n)

M Mo.7 "Moly. sm)89 Zr.

(over)

-orm N3S-418 552 u.S. CER ARTMEN T OP COMMERCE



(
A

*H)«*ui

3

Fig. 10. Yields of the (y, p) reactions as a function of brems-

strahlung maximum energy and target mass number. The
numerical values in the figure arc yields per equivalent quanta

in mb.
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REF.
A. B1 Sioafif P. Erdos and P. Stoll
Helv. Phys. Acta 30, 265 (1957)

EL EM. SYM.

Mo 98 42

METHOD REF. NO.

57 El 1 egf

reaction RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.P ABI 10- 30 C 32 ACT-I API

Taliclle 1.

ZuaammenPtcllung dcr gem. W. Q.

Ken kt ion
Q-Wort

McV
McV bam

1

Vcrhallnis tier Quersclinitte
|

!

ZnM(y, np)Cu44*)

Zn44
(y, p)Cu*’*»)‘)

Zn44
(y, 2n)Zn4*

Mo”(y, np)Xb*®

Mo 4i
(y, p)Nb»»

18,65

10,01

20,82

19,5

0,02

0,08

0.08

0,02

0,09

<’"•iv.pi I

° ZuM(y, np)

VZn‘"(y,np) _ !

CT Zn44 (y, 2 n)

ff Mo«(y.p)
, _ |

4,a
°’Mo,5

(y, np)
i

•) ffm„: 5,3 mb bci Ev = 27 ± 0,5 McV r = 3,7 McV.
••) <tmu : 11.3 mb bei Ey = 22 ± 0.5 McV r — 6,4 McV.

form N3S-418
(R EV. 7-1 4* 64)

use OMM-N as*o c PHOTONUCLEAR DATA SHEET 557
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R. W. Gellie, K. H. Lokan
NucL. Phys. 60, 343-348 (1964) Mo 98 42

METHOD REF. NO.

Betatron; ion chamber monitor 64 Ge 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABX THR - 26 C THR- 33 ACT - I 4 PI

G,NP ABX THR - 32 C THR- 33 ACT - I 4 PI

>00
mo (r.n+lr.p)

Fig. 2. Cross sections for phntorcnctinns in nn»lylvl«>ntiin Isotopes*

Table 2

Reaction parameters

Reaction Peak energy

(MeV)
jad£

(MeV • mb)

Mo“0
(y, n— y, p) !5 1110-200

n) 17 750- 70
Mo"(y, p) 20 215- 50
Mo«(•/, p) 20 140- 15

Mo»(7. np) 2S 50- 10

Mo“(*/, np--/, 2n) 29 160- 25

form NBS-418
(REV. 7* 1 4* 64)
USCOMM.OC 2S010.PS4 PHOTONUCLEAR DATA SHEET 558

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



R. W. Gellie
Aust. J. Phys. 21, 765 (1968) Mo 93 42

METHOD REF. NO.

68 Ge 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABX 13-26 C THR-26 ACT-

1

4PI

Fig. 1.—Cross Motions for

(o) »*Mo (y, n) reaction,

(6) 1#0Mo (y,n) and (y,n)+(y,p)

reactions, and

(e) (y.p) reactions for ,7Mo, MMo,
and l00Mo.

In (e) the cross section for the
,#0Mo (y, p) reaction has been
adjusted in energy. See text for

further explanation of curves.

form NBS-418
(REV. 7* 1 4>«4I
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REF. B.S. Ishkhanov, I.M. Kapitonov, E.V. Lazutin, I.M. Piskarev, |elem. sym. a

and O.P. Shevchenko
Yad. Fiz. 11 , 702 (1970)

j

Mo
Sov. J. Nucl. Phys. 11, 39^ (1970)

MFTHOO
|

RE*. NO.

|

Z

98 k-2

70 Is 1 hmg

reaction RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

type range TYPE RANGE

G,XN ABX THR-30 C THR-30 BF3-I 1+PI

We used the 35-MeV betatron of our institute to in-

vestigate photoneutron reactions on the isotopes Mo92

and Mo 9
*. The yield curves of the reactions (y, Tn)

were measured in the energy range from 7 to 30 MeV
in steps of 100 keV. The targets were prepared from

metallic Mo. The content of the Investigated isotopes

was not less than 97%. The use of a highly efficient

neutron detector (e « 45%) and of a multichannel

method of measurements has made it possible to obtain

the yield curves with high accuracy (0.1% in the region

25-30 MeV) and to observe, for the first time, the in-

termediate structure of the giant resonance on the iso-

topes of Mo. The statistical reduction of the experi-

. mental information and the determination of the cross

sections of the photoneutron reactions was carried out

in accordance with a program prepared by the Compu-
tational Center of the Moscow State University [1J

.

The obtained cross section of the reactions a(y, Tn)

= <r(y, n) + 2a(y, 2n) + cr(y, np) are shown in the figure,

from which it is seen that approximately 15 resonances

are observed in each cross section.

The widths of the giant resonances in the reaction

(y, Tn) on Mo 92 and Mo 9* are 5 and 7 MeV respec-

tively (curves a in the figure). After taking into ac-

count the multiplicity in accordance with the data of£21

for this region of nuclei, the cross sections obtained

were <7n = <r(y, n) + cr(y, 2n) + <x(y, np) (curves b). The
widths of these cross sections for Mo 92 and Mo 9* are

the same and equal 5 MeV. The curves c correspond

to the cross sections o(y, n) + o(y, np). The widths

for them are 5 and 3.5 MeV respectively for Mo92 and

Mo 9*.

The widths on of the integral cross sections of the

reactions for Mo92 and Mo 9 * are 1.29 ± 0.13 and 2.0

±0.2 MeV-b. The integral cross section on increases

with increasing N - Z for isotopes of a given element.

It is interesting to note, however, that in the case of

Mo the increase of crn and of the width of the giant

resonance is due to the cross section of the reaction

(y, 2n). Thus, for Mo 92 we have o(y, 2n) = 0.17

± 0.02 MeV-b, whereas for Mo a* we have <7(y, 2n)

= 0.83 ± 0.08 MeV-b, i.e., the cross section of the re-

action (y, 2n) increases by almost five times. Such a

sharp increase of the cross section of the reaction

Mo°*(y, 2n) is connected with the low threshold of the

(y, 2n) reaction, namely = 15.5 MeV.
For comparison, we point out that E^jo 92^’ 2n)

= 22.8 MeV.
For the reaction (y, n) +(y, np), the integral cross

sections for Mo 92 and Mo 9* are respectively 1.12

± 0.11 and 1.10 ± 0.11 MeV-b.

Effective cross sections for Mo,: and Mo'*
1

: a - a(y, TnV. b - <7(7,

n) + 0(7. In) + 0(7. np); c - <7(7, n) + <7(7. np): J - ro;a!-absorr!:on

cross section Oy, obtained in t® I for Mo''
4
(rieht-ltand scale'.

There are at present no published data on the struc-

ture of the photoneutron cross sections on the Mo iso-

topes. Such general characteristics of the giant reso-

nance as the position and magnitude of the integral

cross section are known only for the reaction

Mo”(y. n)
,a* 5

'. Even these results, however, are highly

contradictory. Thus, data on the width of the giant

resonance, obtained in t3 ’, exceed the data of "• by a

factor of 2.

In conclusion, let us compare the experimental re-

sults obtained by us with the calculations performed on

the basis of the collective dynamic theory The
photodisintegration of the Mo

'

M was calculated within

the framework of this theory, raid the result is shown
in the figure (curve d). We see that the theoretical

calculation agrees only roughly with the experimental

data. The experimentally measured cross sections re-

560
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R. Bergere, H. Beil, P. Carlos, A. Lepretre, A. Veyssiere
PICNS-73, Vol.I, p. 525 Asilomar

ELEM. SYM. A

METHOD

Mo 98

REF. NO.

42

73 Be 10 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.SN ABX 8- 28 D 8- 28 BP3-I 4 PI

Fig. 15 Comparison of the total photoneu-
tron cross sections of 9 *Mo

9uMo
96Mo 98Mo and 100Mo

Table I

Isotopes 9 -Mo 9;
’Mo 9 °Ko 9 8Mo lc:Mo

aon G.S3 0.98 1 .08 1.11 1 .03

form N3S-418
(REV. 7 - I 4> 64)

USC OMM-N 05-0 C PHOTONUCLEAR DATA SHEET 561
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H. Beil, R. Bergere, P. Carlos, A. Lepretre, A. De Miniac
, and

A. Veyssiere
Nucl. Phys. A227

, 427 (1974)
Mo 98 42

method REF. NO.

74 Be 3 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLETYPE RANGE TYPE RANSE

* G,N ABX 8- 28 D 8- 28 BF3-I 4PI

** G, 2N ABX 15- 23 D 15- 28 BF3-I 4PI

*** G,3N ABX 24- 29 D 24- 29 BF3-I 4PI

**704
***705+

100

Out)
I

'
'

I

' '

'
I T
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|
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|
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Gb
M

HOLYSOONUM tOO

ISO
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•

i
1
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M.,4
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‘

|
fll.Jnl

|
rtT.Onl
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6c
,t

’1
w, «.nt i . r
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—

T3TRL CROSS SECTION OF MOLYBDENUM 98

1H 1G 18 20 22 St 26 28 30

Fig. 6. Partial photoneutron cross sections o(y, 2n) and a(y, 3n) of 96Mo, 9*Mo and IOOMo.

Arrows indicate theoretical threshold values given in table 2.

(over)

form N3S-418
(R EV. 7-1 4-04)
USC OMM-OC 26010-P64 PHOTOMUCLEAR DATA SHEET 562
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Table 3

Lorentz line parameters £lt ax and A corresponding to the best single Lorentz line fits to the

experimental <xT..(£) curves shown in fig. 12

Ex
(McV) <y

x (mb) A (MeV)

**Mo 16.9±0.I 154=10 5.4+0.2

•*Mo 16.4+0.1 1 84= 10 5.7±0.2

**Mo 16.2±0.1 184+10 6.3 +0.2

**Mo 15.8 ±0.1 1 89± 1

5

6.0+0.2
,00Mo 15.7±0.1 170±10 7.9 ±0.2

Table 4

Integrated photoneutron cross sections and sum rules of the Mo isotopes

Nucleus 9,Mo 9*Mo 96Mo 9 8Mo 100Mo

Em (MeV) 29 29 29.5 29 28.5

<r0. (MeV b) 1.10 1.37 1.53 1.60 1.58

00a
0.804 0.98 1.08 1.11 1.0S

0.06 NZA - 1

O-i. (mb) 60 79.3 89.2 95.4 95.4

(mb) 0.145 0.186 0.203 0.211 0.206

<r_ 2 a (mb McV' 1

) 3.3 4.8 5.1 6.0 6.1

<r-i. A~i (/<b- MeV' 1

) 1.77 2.48 2.55 2.91 2.86

The notation used is defined in the text.
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CL CM. 3TM.

Mo 100 42

REF. NO.

64 Ge L JOC

R. W. GeLLie, K. H. Lokan
Nucl. Phys. 60, 343-348 (1964)

METHOD

Betatron; ion chamber monitor

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

1) G,N ABX THR - 20 C THR- 33 ACT - I 4 PI

2) G,P ABX THR - 20 C THR-33 ACT - I 4 PI

1) MIXED WITH G.P

2) MIXED WITH G.N

IOO
Mo (r.n+>,o)

Fig. 2. Cross sections for photoreactions in molybdenum isotopes*

Tabls 2

Reaction parameters

Reaction
Peak energy

(MeV)
J
odE

(MeV • mb)

Mol#*(y, n-i-y, p) 15 1110±200

Mo**(y, n) 17 750= 70

Mo”(y, p) 20 21 5i 50

Mo»(y, p) 20 140= 15

Mo**(y, np) 28 30= 10

Mo”(y, np+y. 2n) 29 160= 25

FORM NBS-418
(R EV. 7-t 4-S4I
USC OMM-OC 20 01 0-P04 PH0T0NUCLEAR DATA SHEET 568
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R. W. Gellie
Aust. J. Phys. 21, 765 (1968)

Mo 100 42

METHOD REF. NO.

68 Ge 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE 0ETECTOR
angle

TYPE RANGE TYPE range

G,N+P ABX 7-26 C THR-26 ACT-

1

4PI

Fig. 1.—Cross sections for

(o) MMo (y. n) reaction,

(6) l00Mo (y.n) and (y,n)+(y,p)

reactions, and

(c) (y,p) reactions for *7Mo, **Mo,

and l00Mo.

In (c) the cross section for the-

l00Mo (y.p) reaction has been

adjusted in energy. See text for

further explanation of curves.

form NBS-418
(REV. 7.1 4-64I
USCOMM.OC 26010. PS 4 PHOTONUCLEAR DATA SHEET 569

u.s. departmentof commerce
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I

R. Moreh, A. Nof, 0. Shahal and A. Wolf
Phys. Letters 36B , 71 (1971) Mo 100 42

METHOD REF. NO.

71 Mo 2 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.G/ LFT 6 D 6,8 SCD-D dst

6.418 MEV

Table 1

Summary of the experimental and theoretical decay propertie. of the resonance levels excited by nuclear photo-
J Avnitfitlan.

Scatterer

Transition
1"- 2*

(keV)

A

(1" — 2*)

ry
(meV)

T(M2)

(jieV)

T(M2)

(W.u.)

«2 (M2/E1)

(X103
)

«2
(M2/E1)

Walsskopf estimate
(x 10®)

*<Ge
6018

- 2200
0.14 * 0.04 120 a IS 190 0.89 » :s 3.2

lOOMo 6418
- 1064

0.20 a 0.08 SO a 45 110 0.079 « :S 6.3

U2cd 7632
- 617

0.09 a 0.02 86 a IS 36 0.006 3 6* 48
3 *# - 2.7

10.8

186W 6418
- 122

-0.011 a 0.014 46. a 33 110 0.023
+ 3.4

4.1
8.7

form NBS-418
(R EV. 7-1 A- 04)
USC OMM-OC 20010-P64 PHOT0NUCLEAR DATA SHEET 570
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REF. R. Bergere, H. Beil, P. Carlos, A. Lepretre, A. Veyssiere
PIGNS-73, Vol.I, p. 525 Asilomar

EL EM. $YM.

Mo 100 42

methop

73 Be 10 hmg

REACTION result EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G
t
SM ABX 8- 28 00CM100a RF3-T 4PI

[

Fig. 15 Comparison of the total photoneu^
tron cross sections of 9 *Mo 94Mo
96Mo 90Mo and 100Mo

Table 1

Isotopes 92Mo O
tcr»

9 6Mo 9feMo 1
10 8Ko “]

;on 0.S3 0.98 1 .08 ! . 1 I 1 .08

form N3S-418
(R EV. 7.1 4-64)

USCOMM-N8S-OC

u.s. oepartmentof commerce
NATIONAL. BUREAU OF STANOAROS

PH0T0NUCLEAR DATA SHEET 571



R. Moreh, A. Wolf, 0. Shahal , J. Tenenbaum, A, Nof

Nucl. Phys. A217 , 477 (1973)

EC EM. SYM. A

Mo 100 42

METHOD REF. NO.

73 Mo 12 egf

EXCITATION
ENERGY

SOURCE OETECTOR
REACTION RESULT

TYPE PAN GE TYPE RANGE
ANGLE

G,G LIT 5- 8 D 5-8 SCD-D DST

Fig. 2. Decay scheme of four resonance levels in
100Mo showing the relative intensities for de*

distribution results are given. Parentheses indicate uncertaintirs.

O — O'o © —
r "7 T 1

i

4 i/1iP (0 «f

t-|—|—i—i 7637

Is N «i uJ Is r» O’r"i©r“r*oa>Q^o
lO — — lO U"' O lit

2*-

0
*-

2*-
•

2
*-

0’-

2
*-

0
*-

O — — — ©
1—I—I—I—I—I—I

p, (N W (/I ^ r* CD n i/1 (/( ®. OJ IN lA l/l >1 - o IN Ul g 03 OH
i/i Oi co >i O ^ ^ »» cd r» m -j m r*- “ ~ lO -a ^ oo ao

6517

64 18

cfl u7 i/i iji »j rR U3 iA

•5187

•0070

1

(26301

2040
2033
(1974)

• 1462

• 1063
• 694

535

90 110 130

SCATTERING ANGLE (DEG1

150 170
ioo Mc

Fig. 3. Angular distributions of the elastic and some inelastic transitions de-exciting the 7637 keV
level in l00Mo as measured using a 20 cm3 Ge(Li) detector. The solid lines have the. form
IK(0) — 1 -M-Pj (cos 0 ) and are least square fits to the experimental distributions. In each case the

corresponding y-y cascade is indicated.

Table 6

Summary of the parameters of the resonance levels in
1 00Mo

Energy

(keV)

(n.y)

source

ra
(mcV)

r
(meV)

<0,>

(mb)

6

(cV)

6418 Ti 25±8 30± 33 150±13 4.' ±0.3

6317 V 72TJ: 180±100 110±30 12.8x1-2
7637 Cu 40±S 140± 40 98±15 4.5±0.5form N3S-418

(REV. 7.1 4-«4)
USCOMM-OC 29010-PS4
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REF.

H. Beil, R. Bergere, P. Carlos, A. Lepretre, A. De Miniac, and
A. Veyssiere

Nucl. Fhys. A227 , 427 (1974)

ELEM. SYM.
|
A

Mo 100 42

METHOD REF. NO.

74 Be 3 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

* G,N ABX 8- 27 D 8- 27 BF3-I 4PI

** G,2N ABX 14- 27 D 14- 27 BF3-I 4PI

*** G,3N ABX 21- 28 D 21- 28 BF3-I 4PI

**708
***709+

100

so

aiBt.1
i

' ' t——r——i -i——i -t

I
riT.?n)

^
rirjiii

%
ff.t

T

*
r .

6b
. i ... i . . ! -

16 IS 20 22 2M ^

ll

ausi

» '

{
ftT.rnl

f
riT.Onl

Vl

00 -

|S,-. A'..

6c

IN 1C 10 20 22 ^17

»| vi. i*.**
•'

I .> * >y . 1

26 28 33

PfiRTIRL CROSS SECTIONS OF MOLYBDENUM 100

TOTAL CROSS SECTION OF MOLYBDENUM 1 00

Fig. II. Same as fig. 7, Tor l00 Mo.

Fig. 6. Partial photoneutron cross sections a(y, 2n) and a(y, 3n) of 9*Mo, 9,Mo and 100Mo.
Arrows indicate theoretical threshold values given in table 2.
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Table 3

Lorentz line parameters £i, <Xi and A corresponding to the best single Lorentz line fits to th.-

cxperimental <tt,«(£) curves shown in fig. 12

Ei (McV) Ci (mb) A (McV)

”Mo 16.9 ±0.1 154±10 5.4 ±0.2
*4Mo 16.4 ±0.1 1 84± 10 5.7±0.2
»sMo 16.2 ±0.1 1 S4 ±10 6.3 ±0.2

**Mo 15.8 ±0.1 189±15 6.0 ±0.2
,#0Mo 15.7±0.1 170± 10 7.9 ±0.2

Table 4

Integrated photoncutron cross sections and sum rules of the Mo isotopes

Nucleus 91Mo MMo 96Mo **Mo l09
.'tC>

Eu (McV) 29 29 29.5 29 23.5

Co, (McV • b) 1.10 1.37 1.53 1.60 1.5 >

&0m
0.804 0.93 '

• 1.03 1.11 1.0a
0.06 NZA ~ 1

c. 1* (mb) 60 79.3 89.2 95.4 95.4

(mb) 0.145 0.186 0.203 0.211 0.206

<r_ 3.(mb* McV* 1

) 3.3 4.3 5.1 6.0 6.1

<x_j. A~\ (//b' MeV” 1

) 1.77 2.48 2.55 2.91 2.£5

The notation used is defined in the text.
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REF.

A. Wblf, R. Moreh, and 0. Shahal

Nucl. Phys. A227 , 373 (1974)

METHOD

EL EM. 5 Y M
.

Mo 100 42

REF. NO.

74 Wb 2 egf

RESULT EXCITATION SOURCE DETECTOR
REACTION ENERGY TYPE RANGE TYPE RANGE

ANGLE

$ G,G LFT 001<o D 6-8 SCD-D DST

6 = Doppler width 6.418, 7.637

Tadle 4

Upper limit otr0lF, the temperature variation ratio RT , and the self-absorption ratio R

Scattcrcr

ty-suuree)

Eo
(MeV)

rQ/r
(±15%)

R

r

J
) *(%)*)

^CulTi) 6.556 0.80 0.94 ±0.02 1.1 ±0.5
69Ga(Cu) 7.306 0.52 1.035±0.004 3.5 ±0.5

100Mo(Cu) 7.637 0.28 1.043 ±0.007 0.8 ±0.3
l °°Mo(Ti) 6.418 0.85 1.032±0.003 0.6±0.3
lI,Sn(Cu) 6.988 0.84 1.020±0.009 5.7 ±0.2
12STe(Cu) 7.915 0.4 ±0.1 0.95 ±0.05 6 ±5
130Tc(Cu) 7.637 0.45 ±0.10 0.84 ±0.05 0.9±1.5
139Lr(Cu) 7.637 0.55 0.95 ±0.01 2.2 ±0.3
l39La(Ti) 6.413 0.78 0.968±0.008 6.4±0.S
l4l Pr(Cu) 7.915 0.25 1.02 ±0.01 0.9 ±0.9

‘“Pr(Cu) 7.252 0.51 1.005 x0.003 5.9 ±0.4
l **Nd(Cu) 7.915 0.27 0.89 ±0.05 < 0.5
1,s W(Ti) 6.418 0.31 1.030 ±0.004 < 0.5

J03Tl(Ti) 6.418 0.28 1.03 ±0.01 1.6±0.3
303Tl(Cu) 7.252 0.58 1.02 ±0.01 1.6±0.7
209Bi(Cu) 7.637 1.00 1.00 ±0.02 2 ±1
309Bi(Ti) 7.168 1.00 0.971 ±0.005 28.0±0.6

) The values of RT arc given for 10 g/cm3 thick scatterers placed at an angle of 60° and a

detector angle of 135°.

s
) The values of R are given for the same scatterer-detector geometry as that of Rr and a

20 g/cm2 thick absorber.

Table 7

Summary of F, To and <5 ofresonance levels measured in the present work and in earlier works 8 - 1 s - 1

7

)

Isotope Energy

(MeV)
r

(mcV)
rQ

(meV)
6

(eV)

Ground state

transition

45Cu 6.556 70+ 00/u -20 282 13 11.2 ±0.8
S9Ga *) 7.306 105±40 48± 7 6.2 ±0.5 r.i

l00Mo c
) 7.637 140±40 40± 5 4.5 ±0.5 El

l00Mo =) 6.418 50 ±35 25± 8 4.25 ±0.25 r.i

118Sn 6.988 1 52± 5 123± 3 5.5 ±0.5 El
12STe 7.915 12± 6 5= 2 11 ±2 Ml
l30Te 7.637 60±30 30±10 15 =2 El
I39La s

) 7.637 170x40 47± 6 10.5 ±0.5 E'
l39La *) 6.418 852 13 67± 8 9.5 ±0.5 'i A

i«ipr b) 7.915 7± 3 2± 1 6.6 ±1.0 Ml
141Pr s

) 7.252 290±30 110±10 6.4 x0.5 El
l*4Nd •) 7.915 30±10 3± 3 14.0 ±0.5 MI
1,ew 6.418 46±35 6± 3 1 ±1 El

6.418 350±60 S2±15 0.5 ±0.5
20 3*p| bj 7.252 50 ±30 25± 6 5.2 ±1.5 Ml
209 Bi 7.637 > 500 > 30
209

Bi ») 7.168 820±40 820±40 5.8 ±0.3 El

*) Ref. ls
). ») Ref. ').

c
) Ref. L7

). (over)
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Taole 6

Values of/J 2 . N||/*Yi- spins, and mixing amplitudes x

Scattcrcr

(y-source)

E0
(McV)

^2 Ay^x Jo* j

”

Jt” A*

® 5Cu(Ti) 6.556 0 T -
.V

3 - 0
69Ga(Cu) 7.306 0.14 ±0.01 1.046 ±0.022 j- & T j- 0

100Mo(Cu) 7.637 0.49 ±0.05 1.17 ±0.05 o* 1- 0* 0
I00Mo(Cu) 7.102*) 0.013±0.0I6 0* I- -0.06-0.02 u

)I00Mo(Ti) 6.418 0.52 ±0.02 1.15 —0.03 0* I" o +
0

100Mo(Ti) 5.355 *) 0.19 ±0.08 0* 1- 2'r 0.21 -0.12 “I
llsSn(Cu) 6.988 0.48 ±0.02 1.12 -0.05 0* I" 0* 0
12STe(Cu) 7.915 0.46 ±0.11 0.86 -0.10 0* l* 0” c
130Te(Cu) 7.637 0.48 ±0.04 1.12 ±0.04 0* 1- 0* 3139La(Cu) 7.637 0.16 ±0.02 1.024-0.015 7 + ** 0139La(Ti) 6.418 0.093 ±0.004 1.018-0.006 l* j" 0
,4I Pr(Cu) 7.915 0.41 ;r0.06 0.94 -0.03 •“ + o.^c*^- 13
l “Pr(Cu) 7.252 0.23 ±0.06 1.03 ±0.02 x

+ At
^ - 0.03

o144Nd(Cu) 7.915 0.50 ±0.03 0.92 ±0.09 1
+ 0 +

oI,4W(Ti) 6.418 0.49 ±0.05 1.15 —0.06 o + I- 0" o
l * s W(Ti) 6.296 *) -0.011 ±0.014 0 + 1" 2* — 0.10 -0 03 c '

203X1 (Ti) 6.418 0 1.01 -0.01 A* .V o205Tl(Cu) 7.252 0.71 ±0.08 0.90 4.0.02 l* i* —0.25—0.05203Tl(Cu) 7.047 *) -0.69 ±0.03 ft +
TT •i* 0.33 -a 0.Q4209Bi(Cu) 7.637 0.24 ±0.04 (i) j-

209Bi(Ti) 7.168 0.20 ±0.02 1.040±0.015 n - 0 +
S"

1) '&• Harsh et al. , rcyj. Hey.

C2 (1970) 1144

£) A. Uylf, Gt al. , I'hys.Ecv.

C5 (1572) 2276
Xc) A. iloroa. et G-L* f I—tt

5613 (1971) 71

16) li. Kerch at al. , Vhy3. Rev.

C7 (1573) 1G55
17) R. lloreh et al. , Kucl. I’hys

A217 (1973) 477

29) R. Kerch et al. , Phys. Rev.

C4 (1971) 2265

30) F.. Kerch et al. , I-hys. Rov.

178 (1569) 1561

Errors refer to one standard deviation.

*) Inelastic transitions.

») Ref. l7
).

c
) Ref. “).

Taule 8

Values of a, /C(?i and A mi

P.I transitions M I transitions

scattcrcr E„-> i:, r, O scattcrcr - /:, r, I) /,
.

.

(y-sourec) (McV) (mcV) (eV) ( 1

0 ~
” McV" 3

) (•/-source) (McV) (mcV) (eVj (10
'

.

S2Ni(Fc) a
) 7.646 12300 126Te(Cu) 7.915 260

-> 1.172 24 0.5 — 0.666 2.3 23

— 1.421 1.7
69Ga(Cu) 7.306 660

-> 0.572 3.2 1.0 1 * , Pr(Cu> 7.915 90

— 0.872 2.7 0.9 — 1.298 1.3
:0

— 1.437 0.8 1 .

100Mo(Cu) 7.637 670 — 1.580 1.4— 0.535 40 7.7 — 1.655 1.0— 1.063 5.7 1.4

— 1.461 1.4 0.4 ,41 Pr(Fc) c
) 7.632 170

112Cd(Fe) b
)

'

7.632 350
— 0.145

— 1.130

5.6

6.4 i ;«.?

-*•0.617 11 4 — 1.293 0.4 •j

— 1.223 7.3 3.4 — 1.437 5.6 i ,e— 1.429 2 1 — 1.451 6.8 lit!— 1.468 1.7 0.9 — 1.532 1.1 - >’

130Te(Cu) 7.637

— 0.S37 16

360

5.5

144Nd(Cu) 7.915 330

— 1.5S9 18 8.8
— 0.697 13

— 1.041 2.7
13BLa(Cu) 7.637 190 — 1.564 6.2 - r

— 1.384 3 2.5

— 1.538 3 2.7
205Tl(Cu) 7.252 1200

— 0.205 4 i?

l41Pr(Cu) 7.252 220

— 0.146 82 38

— 1.120 8.6 6.5

le6W(Cu) 6.418 110

— 0.122 12 14

The values of D refer to an excitation energy E0 .

•) Ref. ‘). °) Ref. 29
).

e
) Ref. 30

).
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REF.

METHOP

ELEM. SYM. A Z

H. Bartsch, K. Huber, U. Kneissl,

Nucl. Phys. A256 , 243 (1976)

H. Krieger

MO 100 42

REF. NO.

76 Ba 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N RLY THR-UKN C UKN SCD-D 4PI

ISOMER RATIO

Table 1

Experimental and theoretical results

Process Target-

spin
•®r

(keV)

Ti Spin

high

Spin

low
R = g>,1>

fflow

SCOP (ft)

1,lTa(y, 3n) i* 93 2.2 h 7- l* 0.51 ±0.09 3.6 ±0.2

9.31 min

8.15 h

1,‘3Nd(y, n) 0* 755 63 s r 0.055 ±0.006 2.20±0.06

1100-1300, 2.5 h 0.19 ±0.01*)

145

MMo(y, n) 652.9 66 s l
+

i- 1.03 ±0.21 5.03 ±0.75

1208, 1508, 15.49 min 0.85 ±0.07*) 415

1581, 1637 1.92 ±0.15*)

100Mo(}'. n) 0* 97.3 16.8/is i* i* 0.85 ±0.24 1.72±0.25

140.5 66.02 h
l0*Pd(x, n) 0* 214.5 22s i+ 0.5 ±0,2 3.4 ±0.5

115 850 ns

n0Pd(y, n) 0+ 188 4.7 min i* 0.11 ±0.02 3.14±0.15

113 390 ns i* 0.41 ±0.09 3.0 ±0.25

87.7 13.47 h i* i* 3.2 ±0.7 3.3 ±0.4

**Y(y.n) *- 231.7 14.2 ms i* i
+ 0.056 ±0.008

442.3

392.5 300 in

•) Ref. “). *) Ref. l »).

P.E. Hausteing et al., J. Inorg. Nucl. Chem. J3, 289 (1971)
15

J.H. Carver et al., Nucl. Phys. 37, 449 (1962)

FORM N3S-418
(R EV. 7-1*. 641
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H. Bartsch, K. Huber, U. KneisS and H. Krieger

Z. Physik A285 , 273 (1978)
REF. ELEM. sym. a

I

z

METHOO

MO 100 42

REF. NO.

78 Ba 11

hmg

11/17/80

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.NG LFT 98(97, 8)*450(49 9.2) C 20,40 SCO-D 135

Short-lived isomers in the nuclei
"• 92Nb, 99Mo, 98 100 101tc and 10 ,ru populated in

*KeV, Isomer LFT

photonuclear reactions were studied by pulsed beam techniques. Energy and half-life of

the y-rays deexciting the isomeric levels were measured by recording energy-time spectra.

The delayed y-rays and K X-rays were detected by means of an intrinsic Ge-detector of

high resolution. From the measured intensity ratios internal conversion coefficients were
determined. The multipolarities of the isomeric transitions could be deduced in most cases.

A classification of the observed isomers has been tried on the basis of the obtained experi-

mental results and most recent literature data.

Table t. Experimental results. £: energy. T,<a : halflife, relative intensity, L: multipolarity, H: hindrance factor

Line £ [keV] Tm CPI T„

2

[ps]

(weighted

average)

*l Intensity

ratios

L H

**Nb K X-ravs — 1 — — -

123 122.6 ±0.2 63 ±2 13 0.56 ±0.22 £2 120

* :Nb K X-rays — — 1 - - -

90 90.4 ±0.2 5.9 ±022 1023 0.14 ±0.01 £1 L5 - 10
T

"Mo K X-rays - 15.2 ±0.4 15.5 ±02 1 - - -

98 97.8 ±0.1 13.6 ±0.2 0.95 1.45 ±0.27 £2 20

138 137.7 ±02 0.79 ±0.09 0.76 ±0.06 1 f«ao/^ut ” Ml -

449 449.2 ±0.2 0.74 ±0.08 0.97 0.97 ±0.08 (M2) (37)

**Tc K X-rays — 14.8 ±0.3 14.6 ±0.4 l
- -

22 21.8 ±0.2 16.4 ±17 from 0.036 £1 + 1% M2 10
T

26 — X 43 - 5.1 ±0.5 (£2) -

43 43.3 ±0.2 14.4 ±0.5 0.18 Ml —

:

*Tc K X-rays — 8.2 ±0.7 82 ±0.3 1
- -

29 28.7 ±0.3 — from 0.027 £2 1

172 172J ±0.3 8.2 ±0J X 172 12 82 ±40 (Ml. £2)

1,!
Tc K X-rays — — 1 - - -

192 192.0 ±0.3 636 ±8 5.0 0.26 ±0.06 M2 560

‘•'An K X-rays - 16.1 ±3.9 17.5 ±0.4 l
— -

220 220.7 ±0.2 17.4 ±0.5 from 7.5 f JO«/f>20 m M2 28

306 306.6 ±0.3 17.7 ±0.6 220,306 9.1 1.2 ±0.1 *

FORM N3S-418
' R EV. 7-1 4-641

USC OMM-N B S-D C

u.s. oepartmentof commerce
NATIONAL BUREAU OF STANOAROS
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REF. H. Bartsch, W. Gunther, K. Huber, U. Kneissl & H. Krieger

Z. Physik A285 , 71 (1978)
CL EM. SYM.

Mo 100 42

METHOD REF. NO.

78 Ba 14 M.
REACTION RESULT EXCITATION

ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N RLY 8-65 C 65 SCD-D 4PI

Isomeric cross section ratios were measured for the photonuclear reactions
100Mo( ,

/,«) ISOMER YIELD DE-EX G
mhi.»i.«Mo and l02Ru(y,p)

l0l
"'*Tc. Using the Huizenga-Vandenbosch-method spin cut-

’

off parameters were deduced. The applicability of this statistical procedure is discussed. A
systematic analysis of all known (y,xn) isomeric ratio-measurements shows a linear

correlation between derived spin cut-off parameters and the mean value of the spins of

the isomeric pair.

Tabic 1. Experimental and theoretical results

Process Tareetspin (A) £,(keV) *1/2 Spin high (A) Spin low (A) SCOP(A)

,00Mo(7.n) 0* 449.2 760 ns 11/2* 5/2* 0.11+0.02 4.3 ±0.4

137.7 11/2- 1/2* 0.10 ±0.02 4.3 ±0.4

97.8 15.5 tis 5/2* 1/2* 0.94 ±0.25 1.8 ±0.3
l0J Ru(y.p) 0* 191.9 636 (is 9/2* 1/2- 1.33 ±0.30 1.65 ±0.35

306.6

Rexp=
Y high spin
Y low spin

form N3S-418
(REV. 7-14.44)

USCOMM-N6SOC
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NATIONAL BUREAU OF STAnQAROS
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ref. K. Masumoto, T. Kato, N. Suzuki
Nucl . Inst. Meth. 1 57, 567 (1978)

ELEM. SYM.

Mo 100 42

REF. NO.

78 Ma 10 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABY 8-68 C 30-68 ACT - X 4PI

Analysis is made of reactions interfering with
photon activation analysis procedures.

The activation yield curves have been presented for a number of photonuclear reactions in the energy range from 30 to

68 MeV, in order to evaluate quantitatively the interferences due to competing reactions in multielement photon activation

analysis. The general features of the yields as functions of both target mass number and excitation energy were elucidated

from the data obtained, discussion being given on the results in terms of the reaction mechanism.

Simultaneous neutron activation due to appreciable neutron production from the converter and surrounding materials

has also been studied, and, finally, the magnitudes of interferences in real multielement analysis were given in the form

of their energy dependences.

10 ' 10 :

Nr

Fig. 2. Yield per equivalent quanta versus target neutron num-
ber.

Fig. 7. Activation yield curves for the reactions on Y, Zr, Nb
and Mo.

89 Y(y. n)88 Y. O
a ,J Nb<}\ n>92m Nb.A
O 97 Mot y, p)

9s Nb. 3
92 Mot y, 2m90 Mo.7

^Zrty, n)
89 Zr. O ^Zrty, pn>38 Y.

93 Nb(y, an)88 Y. D l00 Mo<y, n)"Mo.
9A Mo(y, p)

93m Nb.O 94 Mo(y, pnj92m Nb,
91 Moty, jm)89 Zr.

580
(over)
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Fig. 9. Yields of the (y, n) reactions as a function of brems-

strahlung maximum energy and target mass number. The
numerical values in the figure are yields per equivalent quanta
in mb.
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ref. M. Schumacher, F. Smend, W. Muckenheim, P. Rullhusen, H.G. Borner
Z. Phys. A300, 193 (1981)

CL CM. SYM.

Mo 100 42

METHOD REF. NO.

81 Sc 6 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TY PI HANGS

G,G ABX 6 6 SCD-D 90

Elastic scattering by nuclei in the range of mass numbers between 64 and 238 has been
studied with monochromatic photons in the energy range between 2 and 8 MeV. These
photons were provided either by a Ti(n, y) source installed in the tangential through
channel of the Grenoble high flux reactor, or by 24Na and 56Co sources produced by
deuteron bombardment of A1 or Fe at the Gottingen cyclotron. The photoexcitation of
23 nuclear levels has been observed and the decay properties and groundstate widths of
the majority of these levels have been determined. For the lead scattering target the co-
herent elastic differential cross section has been studied in detail. There is evidence that
below the photo-neutron threshold the elastic scattering via virtual photoexcitation of
the nucleus can be approximated by extrapolating the real part of the Giant Dipole
Resonance amplitude along a Lorentzian curve. Coulomb corrections to Delbriick scat-
tering seem to play a small role at 6.5 MeV.

6.418 MEV

Table 4. Properties of levels observed by photoexcitation. idaidQ)stf : experimental differential cross section per iden-

tified isotope or element for resonance scattering through © = 90°. /*: spin-parity of excited level; W{0): angular cor-

relation function; g=(2/„ + l)/(2/,+ 1); f0 : radiative groundstate transition width, f : total level width. Errors in the

last digits are given in parentheses

Isotope

(MeV)

(d<r/dfl)
N*F '

(pb/sr)

/« r<jr w{0)gro
l/r

(meV)

r f
i o

(meV)
V
(meV),

23»u 2.754 13 (4) (1) 0.77 0.145 0.084 _

23«U 3.254 421 (5)
1* 0.24 0.83 1.5 0.52(15)**

2°»
Bi 6.555 2.1 (4)- 102 - - 0.74 0.74* -

2°»
Bi 7.168 1.7 (3)- 10s 9/2 ** 1.00 710 786 820 (40)*

201T1 6.418 8.75(30)- 10 3 1/2* 0.28 30 102 82 (15)*

T1 6.759 7 (3)
- - - - -

Hg 6.555 68 (17) - - - - -

l 86^y 6.418 5.2 (3) 10
2

1
— 0.32 1.75 2.4 -

i**W 6.555 9.8 (10)- 10 2
(1) 0.52 3.44 2.9 -

184W 6.759 46 (10) (1) 0.58 0.17 0.13 -

1!l,Ta 3.010 174 (17) - 0.72 0.42 0.59 - ;

>»‘Ta 6.418 62 (4) - 0.73 0.2 0.27' 1m Ta 6.759 4.8 (12) - - 0.018 0.0 1 8
** -

,8jHo 6.418 10.3 (30) - - 0.035 0.035 8 -
l65Ho 6.759 5.6 (14) - - 0.021 0.021 8 -

Nd 2.754 2.6 (5) - - - - *

Nd 3.254 14.0 (10) - - - - -

Ce 6.759 13.4 (10) - - - - -

m Sb 3.452 2.20 (5)- 10
3 - 0.60 2.9 4.9° -

100Mo 6.418 1.53 (4). 10* 1 — 0.88 52 26 25 (8)*

’"Mo 6.555 4.4 (4) I0
3

(1) 0.33 15 21 -

Mo 6.759 6.2 (15) - - - - -

Mo 7.168 8.2 126) 102 - - - - -

* [II] b tV(©)g/J/T=l assumed e !V(@)g=l assumed

* [28] (a small correction has been applied to the data of [28])

* Upper limits in case not all the transitions to lower levels were observed
1
Present work • Previous work

FORM N3S-4IC
IREV. 7.14. *41
USCOMM.OC 2S0I0-P44
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7=£4i

Ruthenium, the last of the platinum metals to be

discovered, was found in the insoluble residues
arising from the refining of the extensive alluvial
deposits of native platinum found in the Ural

Mountain region of Russia. G. W. Osann announced
in 1828 that he found three new elements in the

residues; he called them pluran, ruthen, and polin.
His work, discredited by the great 3erzelius, later

was a stimulus to the real discovery of ruthenium in

1844 by K. K. Klaus from the University of Kazan.
This Russian chemist showed that Osann's ruthenium
oxide was very impure but did contain a small amount
of a new metal. Klaus adopted the name ruthenium,
a latinized name for Russia, partly for patriotic
reasons and partly in recognition of the earlier
work of Osann.
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REF.
J. W. Jury, J. S. Hewitt, and K. G. McNeill
Can. J. Phys. _46, 1323 (1968)

EL EM. SYM. A

Ru 44

METHOD REF. NO.

68 Ju 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N NOX THR-27 C 27 THR 5- DST

J

w(e) a + a,?, + a„P^
o 11 2 2

TABLE I

Target element Z Energy 00* *l/*0 a ilao

Vanadium 23 32 640 + 50 0.11+0.10 -0.09-0. 1

1

Chromium 24 22 365 + 39 0.02-0. 08 0.C0 + 0. 10
Manganese 25 22 450 ±33 0.07-0.05 -0. 1 1 -0.06
Bromine 35 27 874 + 54 0.05 + 0.06 -0. 15-0.08
Molybdenum 42 610-60 0.09 + 0.05 -0.35-0.06
Ruthenium 44 27 1100-25 0.12 + 0.02 -0.29-0.03
Rhodium 45 27 1270 — 47 0.06-0.03 -0. 14-0.03
Palladium 46 27 1350-29 0.26 + 0.02 -0.12-0.02
Antimony 51 27 2140 + 62 0.04-0.08 -0.25-0. 1

1

Lanthanum 57 27 1940 + 70 0. 12-0. 10 -0.52-0. 14
Praseodymium 59 30 1800+58 0.20 + 0. OS -0.40-0.09
Platinum 78 27 2600-52 0. 17-0.02 -0. 15-0.03
Lead 82 22 2274-59 0.08-0.08 -0.46-0.09

•The yield per mole per 100 r *u normalized -to a yield of 2274 for the lead sample at the same energy

form NBS-418
(REV. 7-1 4-041
uscomm-oc zooio-poa PHOTONUCLEAR DATA SHEET 585
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ref. H. Bartsch, K. Huber, U. KneisSl and H. Krieger

Z. Physik A285, 273 (1978)
elem. SYM. a

Ru >

99 44

METHOCI REF. NO.

78 Ba 11

hmg

1/17/80

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLETYPE RANGE TYPE ran ge

g.pg LFT 22(21. 8)*44(43. 5) C 20,40 SCD-D 135

Short-lived isomers in the nuclei
90- 92Nb, ”Mo, 98 - 10 °- 101Tc and t0,Ru populated in *KeV , Isomer LFT

photonuclear reactions were studied by pulsed beam techniques. Energy and half-life of
the y-rays deexciting the isomeric levels were measured by recording energy-time spectra.

The delayed y-rays and K X-rays were detected by means of an intrinsic Ge-detector of
high resolution. From the measured intensity ratios internal conversion coeflicients were
determined. The multipolarities of the isomeric transitions could be deduced in most cases.

A classification of the observed isomers has been tried on the basis of the obtained experi-

mental results and most recent literature data.

TiM* 1. Experimental results. £: energy. TUI : halflife, relative intensity, L: multipolarity, H : hindrance factor

Line £ [keV] Tut CP*] Tm [ps]

(weighted

average)

«c Intensity

ratios

L a

"Nb K X-ravs 1

123 122.6 ±02 63 ±2 15 0-56 ±0.22 £2 120

*:Vb K X-rays — — l — — —
90 90.4 ±0.2 5.9 ±0.2 10-3 0.14±0.01 £1 IJ • 10

T

S£o K X-rays — 15.2 ±0.4 ISJ ±0.2 1 - _ •
98 97.8 ±0.1 13.6 ±0.2 095 1.45 ±0-27 £2 20

138 137.7 ±0-2 0.79 ±0.09 0.76 ±0.06 1 Ml
449 449.2 ±0.2 0.74 ±0.08 0.97 0.97 ±0.08 (M2) (37)

**Tc K X-rays — 14.8 ±0-5 14.6 ±0.4 l - —
22 21.8 ±0.2 16.4 ±17 from 0.036 £l+l*i .M2 10

T

26 — - X. 43 - 5.1 ±0.5 (£2) -
43 43.3 ±0.2 14.4 ±0.5 0.18 Ml -

:*TC K X-rays — 8.2 ±0.7 8.2 ±0.3 1 - -
29 28.7 ±0.3 - from 0.027 £2 1

172 172.3 ±0.3 8.2 ±0.3 X, 172 12 82 ±40 (Ml, £2) -
:,,

Tc K X-rays — — l
— - —

192 192.0 ±0.3 636 ±8 5.0 0.26 ±0.06 M2 560
l

*'Ru K X-rays — 16.1 ±3.9 17.5 ±0.4 l — -
220 220.7 ±0.2 17.4 ±0.5 from 7-3 lytJIuo m M2 28

306 306.6 ±0.3 17.7 ±0.6 220, 306 9.1 1.2 ±0.1 - -

form N3S-418
(R EV. 7-1 4-641

USC OMM-N BS-O C PHOTONUCLEAR DATA SHEET 589
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SEF. H.

z.

Bartsch, K. Huber, U. Kneissl and H. Krieger

Physik A285, 273 (1978)
ELEM. SYM.

Ru

*

101

z

44

METHOD REF. NO.

78 Ba 11

hmg

1/17/80

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE R AN GE

g,pg LFT '29(28. 7}*173(I/
c 20,40 SCD-D 135

Short-hved isomers in the nuclei 9092Nb, "Mo, *«-«o.ioiTc and iotRu populated
-m

photonuclear reactions were studied by pulsed beam techniques. Energy and half-life of
the y-rays deexciting the isomeric levels were measured by recording energy-time spectra.
The delayed y-rays and K X-rays were detected by means of an intrinsic Ge-detector of
high resolution. From the measured intensity ratios internal conversion coefficients were
determined. The multipolarities of the isomeric transitions could be deduced in most cases.A classification of the observed isomers has been tried on the basis of the obtained experi-
mental results and most recent literature data.

*KeV, Isomer LPT

TaU« t. Experimental results. £: energy. Tm : haiflife, relative intensity, L: multipolarity, H: hindrance factor

Line £ [keY] r,„ CP*] Tm 0«]
(weighted

average)

L, «» Intensity

ratios

L a

**Nb K X-ravs — t — — —

123 122.6 ±0.2 63 ±2 15 0.56 ±022 El 120

* :Nb K X-rays — — I - - -

90 90.4±02 5.9 ±0.2 103 014 ±0.01 £1 U • 10
T

S£o K X-rays - 152 ±0.4 15.5 ±02 1
' - - -

98 97.8 ±0.1 15.6 ±0.2 095 1.45 ±027 El 20

138 137.7 +0-2 0.79 ±0.09 0.76 ±0.06 1 MI -

449 449.2 ±0.2 0.74 ±0.08 097 0.97+0.08 (M2). (37)

'Tc K X-rays — 14.8 ±0.5 14.6 ±0.4 1
- -

22 21.8 ±0.2 16.4 ±17 from 0.036 £l + ir;.V/2 L0
T

26 — — X. 43 - 5.1 ±0.5 (£2) -

43 43.5 ±0.2 14.4 ±0.5 0.18 Ml —

:

-”Tc fC X-rays — 8.2 ±0.7 8.2 ±0.3 l
- -

29 28.7 ±0.3 - from 0.027 El 1

172 172.3 ±0.3 8.2 ±0.3 X, 172 12 82 ±40 (Ml. El) —

;,
'Tc K X-rays — - 1 - - -

192 192.0 ±0.3 636 ±8 5.0 026+0.06 Ml 560

i#
'ftu K X-rays - 16.1 ±3.9 17.5 ±0.4 1

— -

220 220.7 ±0.2 17.4 ±0.5 from 7J fjot/fno” M2 28

306 306.6 ±0.3 17.7 ±0.6 220. 306 9.1 12 ±01 *

FORM N3S-418
(REV. 7-1 4-041

USCOMM-N0S-OC PHOTONUCLEAR DATA SHEET 593

u.s. oepartmentof commerce
NATIONAL BUREAU OF STANOARDS
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A=1 02

A=1 02

595





ref. H. Bartsch, K. Huber, U. Kneiss! and H. Krieger

Z. Physik A285, 273 (1978)
ELEM. SYM.

Ru 102 44

METHOD REF. NO.

78 Ba 11

hmg

11/17/80

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.NG LFT 221 (220.7)*307( 306.6) C 20,40 SCD-D 135

Short-lived isomers in the nuclei
90>92Nb, "Mo, 9810°i°iXc and l0,Ru populated in

photonudear reactions were studied by pulsed beam techniques. Energy and half-life of
the y-rays deexriting the isomeric levels were measured by recording energy-time spectra.

The delayed y-rays and K X-rays were detected by means of an intrinsic Ge-detector of
high resolution. From the measured intensity ratios internal conversion coefficients were
determined. The multipolarities of the isomeric transitions could be deduced in most cases.

A classification of the observed isomers has been tried on the basis of the obtained experi-

mental results and most recent literature data.

*KeV, Isomer LFT

TtMt 1. Experimental result*. £: energy. Tul : halflife, relative intensity. L: multipolarity. H : hindrance factor

Line E [keV] TVI Q»] T.« [)«]

(weighted

average)

«* Intensity

ratios

L a

"Nb K X-ravs — 1 — + -

123 122.6 ±0.2 63 ±2 15 0.56 ±0.22 £2 120

*5Nb K X-ravs - — l - - —

90 90.4 ±0.2 5.9 ±02 10J 0.14 ±0.01 £1 1.5

t<o K X-ravs - 152 ±0.4 15.5 ±a2 1 - - -

98 97.8 ±0.1 15.6 ±0.2 a95 1.45 ±0.27 El 20

138 137.7 ±fl2 0.79 ±0.09 0.76 ±0.06 1 ^*so/Tt} m Ml -

449 449.2 ±0.2 0.74 ±0.08 0.97 0.97 ±0.08 (M2) (37)

Tc K X-ravs — 14.8 ±0.5 14.6 ±0.4 1
- -

22 21.8 ±0.2 16.4 ±17 from 0.036 £1 + 1?; M2 10’

26 — X. 43 - 5.1 ±0.5 (£2) —

43 43.5 ±0.2 14.4 +0.5 0.18 Ml *

'•""Tc K X-rays — 8.2 ±0.7 8.2 ±0.3 1.
- -

29 28.7+0.3 — from 0.027 £ 2 1

172 172.J ±0.3 8.2 ±0J X, 172 12 82 ±40 (Ml, £2) ““

:,!
Tc K X-rays — — l

- - -

192 192.0 ±0.3 636 ±8 5.0 0.26 ±0.06 M2 560

“'ftu K X-ravs — 16.1 ±3.9 17.5 ±0.4 1
— -

220 220.7 +0.2 17.4 +0.5 from 7.5 l loJ^ua m M2 28

306 306 6 +0.3 17.7 +0.6 220. 306 9.1 l_2 ±0.1 — *

form N3S-418
fR EV. 7-1 4-64)

USCOMM-NBS-OC
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*e, H. Bartsch, W. Gunther, K. Huber, U. Kneissl & H. Krieger

Z. Phys. A285, 71 (1978)

METHOD

ELEM. SYM.

Ru

REF. NO.

102 44

78 Ba 14 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.P RLY 9-65 C 65 SCD-D 4PI

Isomeric cross section ratios were measured for the photonuclear reactions l00Mo(y,n) ISOMER YIELD, DE-EX G
l02 Ru^yf p)

iot*,rp
c Using the Huizenga-Vandenbosch-method spin cut-

off parameters were deduced. The applicability of this statistical procedure is discussed. A
systematic analysis of all known (y,.xn) isomeric ratio-measurements shows a linear
correlation between derived spin cut-off parameters and the mean value of the spins of
the isomeric pair.

Table 1. Experimental and theoretical results

Process Tareetspin (A) £,(keV) *1/2 Spin high (A) Spin low (A) SCO PIA)

100Mo(7,n) 0’ 449.2 760 ns 11/2- 5/2* 0.11+0.02 4.3 ±0.4
137.7 11/2- 1/2- 0.10 ±0.02 4.3 ±0.4

,02
Ru(7.p)

97.8 15.5 ns 5/2* 1/2- 0.94+0.25 1.8 ±0.3
0* 191.9 636 ps 9/2* 1/2" 1.33 ±0.30 1.65 ±0.35

306.6

Rexp=
Y high spin
Y low spin

FORM NSS-418
(REV. 7.14-64)

USCOMM-NBS-OC PHOTONUCLEAR DATA SHEET 598

u.s. department of commerce
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Ph

A=1 03

mm
Z=^5

Rhodium was discovered in 1803-04 by W. H. Wollaston
(1766-1828) while working in London. He was investigating
methods to improve the technology for the refining and

fabrication of platinum. Some 7000 ounces of native
platinum from South America had been dissolved in aqua
regia to remove the platinum. Wollaston discovered the

new element when he decomposed the substance precipitated
by the addition of mercurous cyanide. He choose the name
rhodium (from the Greek rhodon

, rose) in recognition
of the beautiful color of the chloro salt and its aqueous Ph
solutions. ,

i i
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Ref- W.K. Dawson
Can. J. Phys. 1480 (1956)

Elem. Sym.

Rh 103 ^5

Method Synchrotron; proton yield, spectrum; angular distribution;

nuclear emulsion; ion chamber.

Ref. No.

56 Da 2 NVB

Reaction E or AE
s

<7d E J n Notes

Rh
105

(Y,xp 70 Yield = 2.6 x 10 protons(up to 16

MeV)/r-mole ± 30$> for

70 MeV Bremss.

Fig. 4. The calculated energy distribution (smooth curve marked total) contains both
evaporated and direct protons in a 1 to 1 ratio. The separate distributions are also shown. A
constant nuclear temperature of 1.0 Mev. was used for the evaporated proton energy distri-
bution.

Fin M I he angular distributions of photnprorons of various energies Iriini rh.slim.standard deviations arc shown. I he smooth curves were calculated from et|ilatiou nil.

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

/

form NBS-418
(8-1-63)
USCOMM-OC 18990-P63
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i.G. C lidley, L. Kat 2
,

S. Kowalski

Can. J. Phys. ^6 ,
k07 (1958)

Betatron

EL EM. SYM.

Rh 103

REF. NO.

58 Ch 2

^5

NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE

G,N RLY THR C THR BF3-I 4PI

See 58 Ka 1 for cross sections.
TABLE I

Measured protoneutron thresholds

THRESHOLD

Reaction
Measured Other Q values,

Q value, Mcv. Mev. Method Reference

Rh‘“<7. »)Rh>" 0.46±0.08
9.35 ±0.20 Threshold

0.45 ±0.30

9.41 ±0.34
{ iie

Ca

Sherri of. (1951)
Duckworth (unpublished)
Kochoiwlorfcr and

Farmer (10S4)
Duckworth (unpublished)
Kochendorfcr and

Farmer (1954)

S-418
4- r,41
r ^010*P«4

u.s. department of com." : c*
NATIONAL. «U«t;'AoOr ST -.'.j/* .'j

photonuclzar CiiSET 602



METHOD

L. Katz, G.B. Chidley
Nuclear Reactions at Low and Medium Energies (Academy of Science,

USSR: 1958 ) 371

Betatron; neutron cross section; BF. counters; ion chamber monitor

Rh

REF. NO.

58 Ka 1

103 ^5

NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANCLE

T Y PC RANGE TYPE RANGE

G, XN ABX 9-22 C 9-22 BF3-I J+PI

T a 6 an u a 2

IIopom ucnycKohua tfiomOHe&mpoKoe

V51 11.16

Mn» 10.14

Co*® 10,44

As7* 10.24

yso 11.82

Nb<° 3,86

Rh103 9.46

jin 9,14

CsU3 9.11

20,5 L 739

19.2 p riu

18.6 Tb 759

18,1 Ho 185

20,7 TmlM

17.1 LuiT5

16.8 Ta 787

16.2 Au 197

16.5 3i20#

8,81 16,1

9,46 17.6

8,16 14.8

8.10 14,6

8,00 14.7

7.77 14.2

7,66 13.8

7,96 13.3

7.43 14.5

Haoron Bn. Mm Bin, Mb* Haoron Bn, Bm , Mu

THRESHOLDS

ae npaBe;teHU, nocKOJibKy ohm npcuumamT 22 Msa bo bcux cJiynanx, KpoMe

BOJiora, >um KOToporo 5^=21 Mae. CBoiicTua ccmohhu «c(t) cboaohu.

1

Haoron
j
*MBHO* M** «» («7>.

r. Mm s»,
Mm • 6apm

r<22).
10* Niflmpox/100 p»mca*

4

V*l 18.4 0.062 5,2 0,33 1,62

Mn« 20.2 0.060 7.0 0,39 2.01

Co89 18,3 0,068 6.3 0.44 2,30

As7* 16.4 0,090 9.5 0,74 4.25

ye# 17.1 0,172 5,2 0.93 .5,33

Nb9* 18.0 0.156 7.5 1,17 6,80

Rhio. 17,5 0,160 9.4 1,40 8,28

J1I7 15.2 0,273 6.8 1.76 11,9

CslM 16.5 0,238 7.7 1,59 10,7

La139 15.5 0.325 3.8 1,55 11.2

prm 15,0 0,320 4.9 1.93 13.1

Tb 7*9 15,6 0,274 9.8 2,49 18,1

Ho7** 13,5 0.305 8.9 2.52 18,7

Tm 7*9 16,4 0,250 8.4 1.91 14,9

Lu77* 16,0 0.225 8.4 1,90 23,0

Ta787 14,5 0,380 8.5 3,15 22,0

Au 797 13.8 0.475 4.7 3.04 22,6

BiJ" 13,2 0,455 5.9 2,89 23,2
a — Buxoa $OTOHeflTpouo* uw Rh; 6 —

«c<T) R*1

N3$-418
£ '/. 7*1 4. 441
* 2aOIO-»B*

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OR JTJI. 0A 50 S

PHOTONUCLEAR DATA SHEET 603



Ref. M.E. Toms, J. McElhinney
Phys. Rev. Ill, 5^1 (1958)

Elea. Sya.

Rh

Ref. No.

103 ^5

Method
Betatron; alpha spectrum; nuclear emulsion

58 To 2 NVB

Reaction E or A E a d E Notea

Rh
105

(7,cr) Bremss.

22

Yield = 0.3*10 alpha/mole/roentgen

_o io ••0 i'j .0
atc:.::c 2

S. Photo-:*.;; yields plotted nrMir.st .•Uur.dc ::i:ir.oers

.'or Ihe exposures of the survey.

form NBS-418

USCOMM-OC 188S8-P63

UJ. MRARTMCMT Of COMMERCE
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REF. EL EM. SYM. A

N. Ikeda and K. Yoshihara
Radioisotopes (Tokyo) 8, 24 (1959) Rh 103 45

METHOO REF. NO.

59 Ik 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G/ ABX 1.3 D 1.3 ACT-

1

4PI

Source was 10 kc 6 °Co.

Activation cross section 3 x 10 3s cra3 .

Activation of 57m 40 keV state.

form NBS-418
(REV. 7-14-64)
USCOMM-OC 26010-P64 PHOTOHUCLEAR DATA SHEET 605
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Ref. O.V. Bogdankevich, L.E. Lazareva, A.M. Moiseev

Zhur, Eksp. i Teoret. Fiz. 122^ ( i960)

Soviet Phys. JETP 12 , 853 (1961)

Elem. Sym.

Rh

Ref. No.

103 ^5

Method
30-MeV synchrotron; activation 60 Bo 2 JHH

Reaction E or AE ad E J * Notes

Rh
105^^1

)

103n
Rh

5.9-25.5

Bremss.

9-3
~ 20

In Table II, below, ('Y,'y
1

)
is com-

pared with = (7, n)+ (y,2n) as

measured by Parsons [Can. J. Phys.

2L> (1959)].

Table II

£. Mev « (y. v'). mb mb « (Y. Y')/«„ £. Mev a (y. y'). mb a n. mb a (Y. Y')/a„

5 1.8 12 0.0 G2.1 0.01
7 S.5 — — 14 1 .2 153.2 —0.01
0.3 21.2 — — 10 2.7 193.1 —0.01
'•J . uj 21.1 10.3 2.04 18 G.l 109.0 0.04
0.5 14.8 17.2 0.80 19 9.2 130.2 0.07
0. 75 25.2 0.18 20 10.3 111.0 0.09

10 2.G 27.6 0.09 21 8.7 87.9 0.10
11 1 .0 37.2 0.03 22 4.4 71.7 0.CG

C. mb

FIG. 1. Yield of the reaction Rh,<,

*(y, y') Rh10 * 1" at various

maximum x-ray energies Ordinates — saturated activity FIG- -• Cross section of the reaction Rh‘
01

(y,y') Rh10

per second per mole per ampere of ionization current of the Two versions of the calculation are given; other versions

absolute chamber. The dashed curve is the yield curve calcu- yield intermediate values,

lated under the assumption that the reaction cross section is

zero at energies above 12.5 Mev.

u.s. department of commerce
NATIONAL BUREAU OF STANOAROSform NBS-418

(8-1-831
U3COMM-OC 1 88S6-P83

PHOTONUCLEAR DATA SHEET 607



K.N. Geller, J. Halpern, E.G. Muirhead
Phys. Rev. _U8, 1302 ( I960)

C.L. C.M. if*

Rh 103 ^5

METHOO
Betatron; neutron threshold; ion chamber

REF. NO.

60 Ge 3 NVB

REACTION RESULT
excitation
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,N N0X THR C THR BF3-I 4PI

THRESHOLD

Tabus L Summary and comparison of neutron separation energies inferred from present threshold measurements with values predicted
from mas* data and reaction energies. All energies are exprested in the center-of-mass system in Mev.

KrnrlMNI Nil runt Present results Other results Method Reference

Rh-(yp.)Rh“ 2 9.307±0.032 9.40 ±0.33 ma« data. m
Q(sn n

9.46 ±0.30 mass data m
n

9.46 ±0.08 threshold t

Henry E. Duckworth. Uta Sptdmeofy (Cxmbridts Unitermty Plot, New York. 19SS), p. IT7.
• L. J. Udofsky. Rer*. Modem Phys. 29. 77] (1957).

form NBS-418
(R CV. 7-1 4-S4I
USC OMM.QC 2e010.PS4 PHOTOHUCLEAR DATA SHEET 603
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Ref
- V . G . Shevchenko ,

B . A. Yur 1 e

v

Zhur.Eksptl. i Teoret.Fiz. b?, JOJ (1962)
Soviet Phys.JETP 15, k-92 (1962)

Elem. Sym.

Rh 103

ftef. No.

62Sh2

^5

Method

35 MeV Betatron ;
nuclear emulsions

Reaction E or AE <7d E J " Notes

Cy,p) ymax

22.5

33.5

Angular distribution of photoprotons

fitted to

a ± bsin
2
0(l + pcos0)

2
where

a,b and p are given in the article.

Quadrapole absorption is estimated

to be about 20$.

FIG. 1. Energy distribution of 1287 photoprotons from
far Eym.ji - 22.S MeV. Calculated spectra: curve l for ev.

rated protons; curve 2 for protons from the direct pbotoeff

FIG. 2. Energy distribution of 5222 photoprotons from Rh*“
fa* Eymes * 33.5 MeV. Same notation as in Ft*. 1.

FIG. 6. Angular distributions of photoprotons from Rh‘“ for
Eynsx " 33.5 MeV. e-E

?
- 3.25-9.25 MeV; x-E^>9.25 MeV.

FIG. 6. Angular distributions of photoprotons from Rh‘“ for
Eymax ” ^3.5 MeV* *“E

p
” 3.2S-9.2S MeV; x-E

p
>9.25 MeV.

Table L Parameters of curves of j + bsin2 9(1+ pcos 8)
2 and es-

timated contributions of E2 transitions

Elaamt z Ep. MeV
a 9 +«. *

22.5 3.25-9.25 97 0 0 0
>9.25 28 19 0.2

Rh 45
33.5 3.25-9.25 49 0 0 0

>9.25 14.5 16 1.2 -20
Pt 78 33.5 7.25—14.25 34.5 15.5 2.6 —GO

>14.25 3 8 3.8 —75
Pb 82 22.5 >5.25 15.5 13 1.8 -40

>10.25 6.5 8 2.2 -50

Table IL Measured yields Y of photoprotona from Rh. Pt. and Pb.
and estimates based on the evaporation model and on the

direct photoeffect

Elnnt b p, Pb

MtV 22.5 33.5 33.5 22.5

r
..F 1.3* 10* 2.8-10* 9.8- 10* 2.9-10*

-3 —8 -2000 -1500

—3 -4.5 -20 -11
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Ref. V.G. Shevchenko. B.A. Yurev

Nuclear Phys. 21, ^95 ( 19^2)
Elem. Sym.

Rh 103 ^5

ftef. No.

62 Sh if

Method
35 - MeV betatron; emulsions

JHH

Reaction E or AE <7d E J * Notes

Rh
105

(Y,p) Bremss,

22.5

33.5

Parameters a, b and p for

oj(0p)= a+b sin^9(l+p cos0)‘

in Table I.

He-dronces

l'i M. E. Toms and \V. E. Sr.p.KT.i. Pays. Rev 9S i ljo.lt

2j M. M. Hon'man and A. G. W. Cameron, Phys. Rev v2
.
19-13) US-4

Z) W. C. Barber and V*. J. Var.huyso, X'-clear Physics 16 ( LOGO) Uol

M. E. Toms and W. E. Stephens. Pl.ys. Rev. 02 • 19.13', 2o2

o) E. D. Maknnovbky. JET? 33 Uhdoi J.>

vi R. 3. T-ylor, Nuclear Physic a 10 >, i’jou) 4.13

T) A. G. W. Cameron. W. liarrr.j and L. Xaiz. Phvs. Rev. S3 19.11, 1294

S) V. G. Xoudaclun. V'. G. Sacvciieaao and X. P. Yuuin. Report at the Second Ail-U;

;or Xuciear Reactions a: Low ana Meumm Energies. Moscow. i960

0) E. O. Cournnt. Pays. Rev. 32 ! 10.11 ,
7. ,3

10) V. V. 3ala»aov. V. G. Shevchenko and X. P. Yudin. JETP 41 .029

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
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B.S. Ishkanov, E.N. Kornienko, Yo.I. Sorokin, V.G. Sherchenko
B.A. Yur'ev

Zhur. Eksp. i Teoret. Fiz. 38 (1963); Soviet Phys. JETP
18. 29 ( 1964)

METHOD
Betatron; proton cross section; Csl; ion chamber

cu &M. a r M.

J

A

Rh

REF. NO.

63 Is 2

103 45

NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

G,XP ABX 13-32 c 14-32 SCI-D 3-+ DST

(14.5-32.5) (3-5-+)

E peak a peak half width

19±0.5 MeV 8±1.5 mb ~ 5.5 MeV

32

J
odE = 85±15 MeV-mb

13

Discuss quadmpole resonance.

FTG. 3. Plot of the Rhl0,
(y, p)

reaction cross section against

the energy Ey .
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A. Veres

Acta Phys. Acad. Sci.Hung. _l6, 261-73 (1963, Rh L03 45

METHOO

Radioactive source

REF. NO.

63 Ve 2 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G/ ABX 0-1 D 0-

1

NAI-D

Activation by 60
Co radiation. ISOMERS

Ta6jiHua II

Ii3MepeHHbie 3HaneHHfl nocae ooayMeHiiH. cpaBHMBae.vibie c apvniMH .TiiTepaTypHbJMn

AaHHblMIl

SjieMCHT

AKTMBHOCTh
o&rryMeHHj*

nocne
nepsoro

M3MepeMMH
(mmd/mmh.)

Aktmbh
OKCTpn

B
kohub
ooiiyn.

(hmh/
MHH.)

JlyTepaTypHwe
oaHHue

i

HaHHue
OMepeHHfl

1

(10^-CM*)

i

1

fym
(10-^6)

T,„
E

(06)

ji

T,i.
E

(K3B)

Se-77m 3842±96 5400 17,5 ceK. 160 18,1 ±1 ceK. 160± 10 9,5 1,75
Sr-87m 191 ±5 200 2,8 m. 390 2,9 ±0,1 m. 365±25 0,85 0,2
y-89m 96±20 170 16 ceK. 910 16,7±5 ceK. 0,08 0,02
Rh-103m 28±5 31 57 MHH. 40 5S±2mhh. 20,5±0,5 0,08 0,01
Ag-107m 220± 14 250 44 cen. 93 43,8±0,6 ceK 91 ±10 0,8 0,2
Ag-109m 39 ceK. 88

Hf-179m 80±18 155 19 ceK. 160;

215
19±2ceK. 1 0,2 •

Ir-191m 90±20 250 4,9 ceK. 42; 5±2ceK. 5,6 1

130

32-3
Pt-195m 90±9 100 3,5 a. 31; 3,5±0,2 a. 67,5±5 0,2 0,04

96±5
;j

100; 130±10
| 130;

Au-197m 240±16 520 7,2 ceK. 130; 7,2± 1 ceK. 68:130: 0,07
;

0,01
277; 280±20

j

407 390±20
Hg-199m 9,6±3,2 ! 42 MHH. 160; 0,005 1 0,001

370
1

Am Phji. Hung. 7W. XVI. Fut. 3.
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REF.

P. Kruger, T. M. Crawford, J. Golderaberg and W. C.

Nuclear Phys. 62, 584 (1965)

METHOD

Barber

CL CM. 3 ' '

Rh 103 45

REF. NO.

65 Kr 1 EGF

EXCITATION SOURCE OETECTOR
REACTION RESULT ENERGY TYPE RANGE TYPE RANGE

ANGLE

G,2P ABX 15-40 C 15-40 ACT-

I

4PI

G,G/ RLY 7-18 c 7-18 ACT-

1

4P1

E,E/ RLY 7-18 D 7-18 ACT-

1

4P1

(Last two cards) E/G ISOMER YIELD

Fig. 4. Cross section for the reaction Rh10*(y, 2p)Tcm.

Fig 5. Experimental results for the ratio of electron/photon yields in Rh 1"® and the theoretical
predictions under the assumptions that the cross section is made up entirely of either El, Ml orE2 transitions (solid curves). The dashed curve lying near the El curve was computed under theassumption that the first peak in the cross section curve is El while the second peak is E2 Thedashed curve lying near the E2 curve was computed under the assumption that the first peak is E2

and the second is El.
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RCF
‘ R. R. Hurst and D. J. Donahue

NucL. Phys. A91 . 3 65 (1967)

METHOD

Neutron capture gamma rays

EL EM. SYM.

Rh 10: 45

REF. NO.

67 Hu 1 EGF

RESULT
EXCITATION SOURCE DETECTOR

REACTION ENERGY TYPE RANGE TYPE RANGE
ANGLE

G.N ABX 10
T
1

1

D O f— BF3-I 4PI

Table 1

Photoneutron cross sections (mb)

Fig. 1. Cross section (in mb) versus mass number of the target for gamma-ray energies of 9.00,
9.72 and 10.83 MeV. The solid lines are plots of eq. (I) in the text.

Target 7.72 MeV 9.00 MeV 9.72 MeV 10.83 MeV

“Co 9.0± 0.3
“As 20.4- 1.7

“Nb 0.53± 0.10 14.6± 2.2 25.8 -l 2.1
1MRh 10.6± 1.7 38.8± 3.1
107Ag 1

1MAg |

10.0± 1.5 37.6± 2.9

n,In 17.1 ± 2.6 33.3± 2.7
"‘Sb

\
inSb j

20.7± 3.1 42.5± 3.6

38.7± 5.8 38.8 ± 3.1
luCs 31.7± 4.8 52.5± 3.8

"•La 8.61 ± 0.86 40.8 ± 6.5 63.0± 5.0
i«Pr 21.5± 3.2 58.3± 4.1

">Eu 1 28.9 ± 3.2
IMEu j

61.3 ± 14.7 102 ±18
"‘Ho 35.6 ± 4.3 92.2±27.6 150 ±20"lTa 4.14±0.36 45.4 ± 3.7 65.0± 5.5 146 ±12"TAu 44.5 ± 3.6 68.4± 13.5 160 x 15
«.Pb <34.3 238 -29
:o.Pb 22.6 ±11.3 280 ±31
»«Bi 36.1 ±12.0 226 ±27 615

U.S. DEPARTMENT OF COMMERCE
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REF
‘ J. W. Jury, J. S. Hewitt, and K. G. McNeill

Can. J. Phys. _^6, 1823 (1968)

ELEM. SYM.

Rh 103 45

METHOO REF. NO.

68 Ju 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N NOX THR-27 C 27 THR 5- DST

W(e) - a
Q + a^P

^
+ a

2
?
2

TABLE I

Target element Z Energy 00* aja0 ci2 .'a0

Vanadium 23 32 640 r 50 0.11+0.10 -0.09-0.1!
Chromium 24 365 ± 39 0.02-0.03 0.00-0. 10

Manganese 25 450±33 0.07 + 0.05 -0. 1 1 +0.06
Bromine 35 27 874-54 0.05 + 0.06 -0.15-0.08
Molybdenum 42 IS 610 + 60 0.09 + 0.05 -0.35-0.06
Ruthenium 44 27 1100-25 0.12 + 0.02 -0.29-0.03
Rhodium 45 27 1270-47 0.06+0.03 -0. 14-0.03
Palladium 46 27 1350+29 0.26 + 0.02 -0. 12-0.02
Antimony 51 27 2140^62 0.04 + 0.08 -0.25-0. 1

1

Lanthanum 57 27 1940+ 70 0.12 + 0.10 -0.52-0. 14

Praseodymium 59 30 1800 + 58 0.20 + 0.08 -0.40-0.09
Platinum 78 27 2600+52 0.17 + 0.02 -0. 15-0.03
Lead 82 22 2274 + 59 0.08±0.08 -0.46x0.09

•The yield per mole per 100 r was normalized to a yield of 2274 for the lead sample at the same energy.

form NBS-418
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H. G. De Carvalho. V. Di Napoli, D. Margadonna, F. Salvetti
and K. Tesch

Nucl. Phys. A126 . 505 (1969)

EL EM. SVM.

Rh 103

METHOD REF. NO.

69 De 1 egf

REACTION RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

G,N ABY THR-999 c 1-6 ACT-

I

4PI

(1.0-5. 5)

G,2N ABY THR-999 C 2-6 ACT-

I

4PI

(2.0-5. 5)

Yield per equivalent quantum. 999 = 5.5 GEY

Cross sections per equivalent quantum for (y, n) reactions as a function of the maximum
bremsstrahlung energy. A straight line is adjusted to the experimental points by means of a least-
squares fit. The indicated errors are due to the y-ray spectroscopy. The dashed line gives the result

of simple estimates.

In addition to the reactions mentioned above, we measured in the energy range
2-5.5 GeV, the following reactions: S3 Mn(y, n),

iJMn(y, 3n),
103

Rh(y, 2n) and
l27

I(y, 3n). The resulting cross sections per equivalent quantum are 43 mb, 0.55 mb,
21 mb and 9.5 mb, respectively. Within the experimental error of 20 %, we found no
variation of these cross sections with the maximum bremsstrahlung energy.
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C. Aurislcchio, V. diNapoli, F. Salvetti, and M. L. Terranova
Gazz. Chim. leal. 102, 378 (1972)

METHOD

EL EM. SYM. A

Rh 103

REF. NO.

72 Au 13

45

egf

EXCITATION SOURCE DETECTOR
REACTION RESULT ENERGY TYPE range TYPE RANGE

angle

G.N ABY 9-900 C 400-900 ACT-I 4PI

G,2N ABY 17-900 C 400-900 ACT-I 4PI

G,6P9N ABY THR-900 c 400-900 ACT-I 4PI

Yield = Cross section per equivalent quantum

Fig. 7. - Eehaviour of cross sec-

tions per equivalent quantum cq .

as a function of log. Eo (maxi-

mum bremsstrahlung energy) for

reactions lK:Rh (r, n) 1MRh (t; 2.9

y),
IoiRh (r. 2n)

!01"Rh and ‘“Rh

(y, 6p 9n) MY. The straight lines

through the experimental points

were obtained by using .the least-

-squares method

Table hi.

Brem*«trah!iiitv

energy Ef U«V)

a
q (mb)

102Rh(2.9 v) i

i01^h ^Y 1

0.4 6.6 ± O.S 7.7 - 0.8 3.4 s 0.6

0.5 6.6 ± 0.3 3.0 = 0.4 4.0 - 0.6

0.6 6.8 ±0.4 9.0 - 0.5 4.5 - 0 6
1 0.7 73 ± 0.4 9.3 - 0.6 5.2 z_ 0.6

0.3 7.2 ± 0.4 10.0 ± 0.6 5.7 ± 0.6

0.9
i

73 ± 0.5 10.3 - 0.6 6.2 ± 0.6

form N3S-418
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REF.

L.E. Lazareva, A. I. Lepestkin, and V.I. Sidorov
Yad. Fiz. 20, 242 (1974)

Sov. J. Nucl . Phys. 20, 128 (1975)

ELEM. 5YM. A

Rh 103 45

methoo REF. NO.

7 4 La 5 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE ’ype RANGE

G, XN SPC 8- 29 C 29 EMU-D DST

(28.5)

FIG. 2. Assyinetry coefficients c,a obtained for nuclei with various

Z in tile follow me studies: ref. 10 — E-y max = 25.5 MeV, En > 7.4

MeV (*); ref. 1 1 -E7 „ iax = 27-32 MeV. En > ~5 MeV (•»: rof. 1
2-

Ey max = 24 MeV. E (1 > -8 MeV ( a); ref. 13- E y max = 55 MeV,

En >~5 MeV fX >; present worfc-E7 mar. = 28.5 MeV.En > 5 MeV
(•. ). The smooth curve shows the coefficient b'a characterizing the

photoneutron angular distribution anisotropy 2 s a function of atomic

number Z. (This has been converted from the curve given in ref. 1 1 and

and is for the distribution I(t)t"a + b sin
J

i> + ccos d, normalized at the

points Z = 82-83.)

^J.W. Jury, J.S. Hewitt, K.G. McNeill,
Can. J. Phys. 46, 1823 (1968).
12

F. R. Allum, T.W. Quirk, B.M. Spicer,
Nucl. Phys. 53, 545 (1964).
13

G. C. Reinhardt and W.D. Whitehead,
Nucl. Phys. 30, 201 (1962).

FIG. I. Angular distributions of photuneutions obtained 1.1 irradia-

tion of Rh. Ta. Au. and t: samples by broms.trahlung with maximum
energy E7 max

= 28.5 MeV. The curves were calculated from the ex-

perimental points by the metr. >d of least squares for a distribution of

the form l(<?) = a +h sin
2
i) *-c cos t> and normalized (a= I ). For com-

parison we have shown below the angular distributions of pliotoneu-

trons with energy E n > 8 MeV obtained in irradiation of the same
samples by bremsstrahlung with Eymax = 20 MeV.

i* i;S

(over)

form N3S-418
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FIG. 3. Photoneutron energy spectra from Kli. Tj Alt. ar.J Bi !’or ir-

radiation of the samples hy bremsstrahlung with maximum energy

tj max * 30 (dashed line) and 38.5 (solid line) MeV for angles 0 ’.suit

maximum neutron yield. For eaeh nucleus the histograms given tor

E-ir max - 30 and 38.5 MeV have been combined m the t.' terv.il b n =
4 -4.5 MeV.
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A. Lepretre, H. Beil, R. Bergere, P. Carlos, A. De Miniac,
ref. A. Veyssiere, and K. Kernbach

Nucl. Phys. A219, 39 (1974)

EL EM. SYM.

Rh 103 45

METHOD REF. NO.

74 Le 1 egf

REACTION

G,N

6 , 2N

RESULT

ABX

ABX

EXCITATION
ENERGY

9- 24

16- 24

SOURCE

TYPE RANGE

9- 24

9- 24

DETECTOR

range

MOD-

1

MOD-

1

ANGLE

4 PI

4PI

617+
618+

Fig. 13. Experimental results of the average energy Ea of the GDR versus the mass number A with
the best fit Ea =* 41.8 A~ l, *- a (line D,). Two fits with A~i and A~i laws are also shown as lines

D 2 and D 3 respectively.

Table 7

Lorentz line parameters for a two-Lorentz-line fit of the GDR of rhodium

<r, (mb) £, (MeV) A (MeV) <Ji (mb) Ex (MeV) r2 (MeV)

88 15 4.94±0.1 126 17.05 6.90=0.1

fcrrors are the same as in table 4.

Table $

Lorentz line parameters for a single Lorentz line fit

"’Rh 4«Pd 47Ag «»Cd ‘iJln

Gq (mb) 191 199 198 226 243

A (MeV) 7.4 ±0.1 7.1 ±0.1 7.7 ±0.1 6.3 ±0.1 6.1 ±0.1

Eo (MeV) 16.15 15.9 16.1 15.8 15.8
(over)

u.s. department of commerce
NATIONAL 3UREAUOF STANOAROS

Errors are the same as in table 4.
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4 7A g, 4|Cd and *9ln.
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ref Y. Cauchois, H. Ben Abdelaziz, R. Kherouf, C. Schloesing-Moller

J. Phys. G7, 1539 (1981)
EL EM. SYM.

Rh 103 45

METHOD REF. NO.

81 Ca 2 _h£.

REACTION RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPC RANGE TYPE PANGS

R.R 1 FT n
T
? C 0-2 SCD-D

(.803,1 .277)

.803, 1 .277 MEV
Abstract. Lifetimes of 49 excited states below 1.65 MeV have been measured in

'4
Mg.

27
Al.

a
Ti.

5,
Ni.

5*Co.“ M Ni.
4J ‘s

Cu.
75
As,

103
Rh.

n3-" J
In.

'“• 1 "-' :o
Sn and

l2u2J
Sb

by means of nuclear resonance fluorescence experiments. The levels are excited by

bremsstrahlung x-ray photons. The self-absorption technique applied to suitable cases

provides nuclear absorption cross sections, widths and lifetimes from which the x-ray

spectral distributions are also obtained. Scattering experiments are performed for all other

cases in order to obtain widths and lifetimes from these x-ray photon curves. The Compton

effect in the sample is taken into account. Self-absorption provides gf a from which P is

deduced using adopted J

'

and To/T values; scattering provides u = g(ro/r)IP(^) front

which T is also deduced with J, To/T and mixing ratios taken from the literature. Thanks to

simultaneous determination of the x ray spectra all the lifetimes as given by our programs

with their statistical errors form an unusually coherent set of values.

NUCLEAR REACTIONS (y. yO. bremsstrahlung excitation: natural isotopes:
' J Mg.

27
Al. ‘Ti.

!,
Ni.

3,
Co.

“ 42
Ni.

6,MCu. M M “Zn. 73
As.

,03
Rh.

"ll,5
In.

'“•‘“• 120Sn

and
l2u23

Sb; £ = 0.5-1.65 MeV; measured gfo or glfo/DH^fl); deduced Tyj.

(OVER)

pobm N3S-41I
(R EV. 7.1 4-64)
•JSCOMM.OC 26010-P64

U.S. DEPARTMENT C c '
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Tableau 3. Resultats des mesures des niveaux studies par diffusion.

Table 3. Results obtained using the diffusion method.

u=g(rllV)mO) r(ps)

Isotope Energie(keV) J * y0* To/T <5 (meV) ce travail r rif (ps) Rcfercncest

24Mg 1368.59(4) 2” 0*
i E2

27
ai 1014.45(3) 3

*
!* 0.971 + 0.351(12)

**Ti 983.512(3) 2* 0*
1 E2

”Ni 1454.45(15) 2
* 0*

1 E2

5,Co 1099,224(25) 3

-
1 (E2)

”Co 1458.8(3) V" l- 0.91 (E2)
3,Co 1480.9(3) i- 0.8 <0.35*

“Ni 1185.7(6) j-
J- 0.77(8)* |0.14|

*J
Ni 1172,91(9) 2* 0*

I E2
*3Cu 1327.00(7)

7-
1 i- 0.84 (E2)

‘3Cu 1412.05(4) I- i- 0.72 + o.6ij:SiMZn 991.54(7) 2 0*
1 E2

63Cu 1481.83(5)
7-
1

3* 0,85 (E2)

“Zn 1039,37(6) 2* 0*
1 E2

“Zn 1077,38(5) r 0*
1 E2

75
As 572.5(10) 1- 3- 1“ 0,3 9

b

7JAs 823,0(10) 3* 0,86
d

(E2)
75As 865,5(10) 3* j- 0.83

d C

75As 1076.0(10) r f 0,94
d

0,38
d

75As 1128.5(10) !• 3-
l El d

1.08(13) 1,76(21) 1,98(4) Endt et van der Leuu

(1973)

0,186(13) 2,20(16) 2.12(8) Endt et van der Leun

(1978)

0.282(23) 6,74(55) 6.1(13) Been ( 1978)

2.11(26) 0.9(8 1 1

)

0,92(3) Kocher et Auble

(1976)

0.069(8) 4.79(55) 3,17(58) Kim (1976)

0.68(8) 1,17(14) 1.52(16) Kim (1976)

1.23(15) 0.254(31) 0.31(3) Kim (1976)

1,88(49) 0.21(5) 0.16(3) Andreev et al (1914)
0,88(17) 2.15(42) 2.09(3) Halbert ( 1979a)
1.04(14) 0.84(11) 0,88(4) Auble (1979b)
0,260(38) 1.90(28) 1,61(3) Auble (1979b)
0.640(54) 2.97(25) 2.60(13) Halbert (1979b)

1.13(19) 0.79(13) 0,49(5) Auble (1975a)

0,70(6) 2.71(23) 2.25(15) Auble (1975b)

0,70(6) 2.7 K23) 2.34(23) Lewis (1975)

0.236(26) 4.14(46) 3.5(9) Horen et Lewis (1975)

0.214(22) 4.27(43) 3.5(3) Robinson et al (1967)
0,78(6) 0.863(68) 0,60(12) Celliers et al (1977)
1.97(13) 0,287(19) 0.32(7) Celliers et al (1977)

0,224(24) 1,47(16) —

75
Ax 1349.0(10) 1 3- 0.6 7

d
0.20

d
1.61(29) 0.180(32) 0.12(3) Wilson (1970)

7! As 1370.0(10) \~ 3- 0.4 7
d

0,4 7
d

0.64(13) 0,218(44) —
,0J Rh 803.1(2) 1- 3- 0.70 Ml 1.85(16) 0.174(15) — Harmatz ( 1979)
,03 Rh 1277,0(2) 3- i- 0.75 -0.62(30)' 0.81(9) 0.87(10) 1.3(9) Harmatz ( 1979)
" 3

ln 1177(1) r 3

*
1 + 0.5(2) 9,1(8) 0.086(8) 0.10(6) Tuttle et al (1976)

,,3
ln 1510(1)

7 *
1 !* 0.935 -o.5}: 11 6,4(9) 0,071(10) 0.H}:!! Tuttle et al ( 1976)

M3
ln 1077,7(10) 3

* V 0.8 l
j (E2) 0.159(24) 1.61(24) 1.23(7) Tuttle et al ( 1976)

,,3
ln 1290.59(3) y* r* 0.98 J (E2) 1.31(11) 0.66(6) 0.55(4) Tuttle el al (1976)

ll3
ln 1448.78(3) r !* 0.86 — S

f
0.90(11) 0.50(6) 0.52(20) Tuttle et al ( 1976)

l,3
ln 1486.1(1) !* ? 0,787 -0.8 r

0.63(9) 0,63(9) 0.4(3) Tuttle etui (1976)
l,3

ln 1497.2(4) (3*) V < 1 (E2) 1.33(16) <0.30(4) —
ll3

In 1607.8(15) (3-) !*
<J ! (E2) 1.54(24) s; 0,26(4) —

,w
Sn 1293.54(2) 2* 0*

I E2 3.58(37) 0.53(6) 0.522(14) Carlson et al ( 1975)
u
'Sn 1229.64(4) 2* 0’

1 E2 2.75(28) 0.69(7) 0.67(2) Carlson et al (1976)
l20
Sn 1171,6(2) 2* 0*

1 E2 1,83(16) 1.04(9) 0,91(2) Kocher (1976)
l2
'Sb 1023.5(10) 3*

3

*
1 |0.57|* 3.69(34) 0.228(21) 0.2(8 7)" Tamura et al ( 1979)

,2l
Sb 1105.5(10) ?* 3* 0,4 — 0.47(4) 0.42(4) —

l2l
Sb 1142.5(10) !* 3" 0.6 (E2) 0.85(8) 0.449(40) 0.4 1(8)" Booth et al ( 1973)

,2
‘Sb 1384.0(10) 3* 3*

1 |0.45|* 4.7(5) 0.092(10) 0.088(14)” Booth et al (1973)
l23
Sb 1029.5(10) 3* 7 *

1 I |0,57|* 2.96(27) 0.272(25) 0.26(4)” Booth et a! ( 1973)
123
Sb 1086.5(10) !* 7 «

7 1 |d| > 1.26* 1.06(9) 0.67(6) 0.72(15)” Booth et all 1973)

+ References pour les colonnes 3. 4, 5. 6 ct 9 de chaque ligne. sauf indication appelee au has de ce tableau. Pour les autres donnees se reporter au

texte.

Remarque. Pour calculer b
2
quand nous ne disposons que de B(F.2), pour un melange (E2) + (MI), nous deduisons i;ro(E2)cr fl(E2)£, ; en

admeltam \)'W) = I et connaissant ra/T, notre determination de u donne une premiere approximation de gl'o d’oii une vuleur de

a' -<i’ru (E2))/(i<ro -gr0 (F,2)) qui permet d'ameliorcr W(0) et tffo de proche en prochc.

* S»ann ( 197 I );
” Robinson et al ( 1967);

e W (#) = 0.99 calcule d'apres la lormuie de Celliers et at ( 1977);
J Ahbondanno et til (197!!);' Saver et at

1 1972);
'

Tuttle et al ( 1976); * d’apres 3IE2) de Barnes et ul ( 1966);
11

calcule d'apres Booth et al ( 1973); ' Williams et al ( 1975): 1 Dietrich et al

( 1970).
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PALLAUIUi

1=^

rv

William Wollaston first isolated palladium from crude
platinum; in 1803 he announced the discovery by circulating
an anonyomous advertisement of the new metal for sale.

Because of this unorthodox announcement, it was widely
thought that the new metal was not an element but an

alloy of platinum and mercury. A year later, however,
Wollaston explained his source of the palladium along
with an announcement of his discovery of yet another new
element, rhodium.
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P. Kneisel, A. GoLdmann and H. v. ButtLar

Z. Physik 199, 440 (196?)

Ci. CM . 3 7 M.

Pd 4c

METHOD

Linac

REF. NO.

67 Kn 1 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.T RLY THR-49 C 36.49 ACT-

1

4PI

Tabelle. Zusammenstellung der Mefiergebnisse

£--36.2 MeV £--49.2 MeV

Y[Si(y,t)VY[C(y,n)Cn ] (2,2+ 0.2) 10
-3

(4,6 ±0,4) 10
-3

Y[Pd(y, t)]IY[C(y, n)Cu ]
—

(6,1 ± 1,0) 10“3

o>[Ni(y, /)] (4,0+ 0,4) nbam (10,5+ 1,0) nbam
<F,[Pd(y, /)] — (13,8 + 2,3) ubam

form NBS-418
(REV. 7-1 4.841
USC OMM.OC 2601 0-P64 PHOTONUCLEAR DATA SHEET 627

u.s. oepartmentof commerce
NATIONAL- BUREAU OF 5TANOAROS



REF
' J. W. Jury, J. S. Hewitt, and K. G. McNeill
Can. J. Phys. ^6, 1823 (1968)

EL EM. SYM.

Pd 46

METHOD REF. NO.

68 JU 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLETYPE RANGE TYPE RANGE

G,N NOX THR-27 C 27 THR 5- DST

W(e) = a
o + a

1
P

1
+ &2P2

TABLE I

Target element Z Energy a0
m aja0

Vanadium 23 32 640 + 50 0.11=0.10 -0.09-0.11
Chromium 24 n 365 ± 39 0.02 = 0.08 0.00^0. 10

Manganese 25 22 450 = 33 0.07 = 0.05 -0.11-0.06
Bromine 35 27 874=54 0.05 = 0.06 -0. 15 = 0.08
Molybdenum 42 22 610 = 60 0.09 = 0.05 —0.35 + 0.06
Ruthenium 44 27 1100+25 0. 1 2 ± 0. 02 -0.29^0.03
Rhodium 45 27 1270 ±47 0.06 + 0.03 -0. 14-0.03
Palladium 46 27 1350 + 29 0.26 = 0.02 -0. ',2-0.02

Antimony 51 27 2140 + 62 0.04 + 0.08 -0.25-0.11
Lanthanum 57 27 1940+70 0. 12^0. 10 -0.52-0. 14

Praseodymium 59 30 1800 ±58 0.20 + 0.08 -0.40 + 0.09

Platinum 78 27 2600 ±52 0. 17 ±0.02 -0. 15 = 0.03

Lead 32 22 2274=59 0.08 ±0.08 -0.46 = 0.09

•The yield per mole per 100 r was normalized (oa yield of 2274 for the lead sample at the same energy.

form NBS-418
(REV. 7-14-64)
USC OMM-OC 26010-P64 PH0T0NUCLEAR DATA SHEET 628

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



4.6 4.7 4.8 4.9 5.0 lj$A

Fig. 13. Experimental results of the average energy £„ of the GDR versus the mass number A with
the best fit Ea = 41.8 A~ ll *- a (line Di). Two fits with and A~i laws are also shown as lines

D] and Dj respectively.

Table 6

Lorentz line parameters for a single Lorentz line fit

l
2
3sRh «*Pd *7Ag 4sCd li|In

c0 (mb) 191 199 198 226 243

T0 (MeV) 7.4 ±0.1 7.1 ±0.1 7.7±0.1 6.3 ±0.1 6.1 ±0.1

£o (MeV) 16.15 15.9 16.1 15.3 15.3

Errors are the same as in table 4.

(over)

form N3S-418
(REV. 7-1 4» 04)

U5COMM-NBS-OC PHOTONUCLEAR DATA SHEET 629

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STAnQAROS



Table

1

1

Integrated

cross

sections

as

defined

in

tho

text

*n co *r\ o 2
N - - VO On O

P» O' ®o oo n o^ — —
o pi -I - >n r» o X
<n d r«—• *n

ri

S O
O' d —

— I

n o\i** r» O
q h - O^ — —

en — — — ^ d O X
<s O —

r; - M — d
oC d — — oo oo ©

o n © — —
«% — — — d d © ^

— i

d d «n o oo O
vo r* ri oo - -
— — — — d \o o X
d © —— «r»

d

tn *

'O—O' v"» o oh « p; rj -• d —
oC — — — X

O' O' _ N 2
r- — 'O <*2 ^ ^ C
o^<^ — — — r-° x
d —

tft V> VI

I

'O q
o ©

oo d —
p- VO O X
O 00— VO

d

v> Lo ov © r: 2
r** O' V> VI 'O d —
O' — — — £ 'O © x
d o oq^ r*

d

r- v-t o
OO so — d —n m t N » « v— — — — oo «n ©

?
o
-H

-c do^ vi n vi —h vt sr d d xo — — — sosodi
"> <* s

d •o

^ I

u . >
J3 -N 5

C • T ^ ^ •

o > srs
w w«s: -

o © I i I l^6066»6«

to

^3

Fig. 7. Partial pbotoneutron cross sections [o(y, n)-r<r(y, np)] and <r(y,2n) for 4J Rh, 4tPd, 47Ag,

4SCd and 49In.

Fig. 8. Dost single Loremz line fit to <r., B (y, tot) = <r(y, n)-i-<r(v, np)+ <x(y, 2n) for 4J Rh, 4SPd,

4 7A 4gCd and 49ln.
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Y. Oka, T. Kato, K. Nomura, T. Saito. Hui-Tuh Tsai

Bull. Chem. Soc. Japan _4i, 380 (L968)

method

Pd L04

REF. NO.

68 Ok 3

4°

egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,NP ABY THR- 20 C 20 ACT-

1

4PI

Table 2. The yields op some (j-,pn) reactions

WITH 20MeV BREMSSTRAIILUNO

Reaction
Half-life

of
product

Specific

activity*>

(/iCi/mg)

Yield
(mol*'-R-*>

MFefj">pn)**Mn 314 d 2.5x IO-« 3.6x 10®

**Zn(j,,pn)**Cu 13 hr 7.2x 10-» 7.5x 10»

««Pd(r, pn)“»Rh 2IOd l.lx IO-« 1.7x 10*

a) The value corrected at the end of I hr irradia-

tion (9.4 x 10* R/min).

form NBS-418
(REV. 7-1 4-941
USCOMM.OC 29010-P94 PHOTONUCLEAR DATA SHEET 633

U.S. OEPARTMENTOF COMMERCE
NATIONAL BUREAU OF STANDARDS
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Ref. F.R. Metzger
Phys. Rev. 128 , 2332 (1962)

Eletn. Sym. A Z

Pd 105 ^6

Method

Rh^
-^ source on ultra centrifuge rotor to compensate for Doppler

kef. No.

shift; Nal.
62 Me 1 JHH

Notes

Pd
105

(Y,y) 319 keV 319 keV l/2
+

Spins l/2 and 3/2 eliminated; spin

5/2 possible, but less probable than

7/2 .

E2/M1 mixing amplitude (1=7/2) is

S = -0 . 11 .

Gamma transition probability (i = 7/2 )

is Ty = (1.37±0.07) 1010 sec-1.

iu(0) = 1+(0.25±0.05 )P
2
(cos 9 ).

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS

form NBS-418

USCOMM-OC laS5«-R«3

PHOTONUCLEAR DATA SHEET 637



Yu.

Izv.

METHOD

elem. sym.

K. Shubnyi, Yu. A. Lysikov
Akad. Nauk SSSR Fiz. 35, 1651 (1971)

Pd

REF. NO.

A

105 46

71 Sh 6 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLETYPE RANGE TYPE RANGE

G ,G LFT 1 D 1 NAI-D UKN

6.9 ± 1.0 x 10*11 s 1=. 319 MEV

form N3S-418
(R EV. 7-14.041
USC OMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 638

U.S. DEPARTMENTOF COMMERCE
NATIONAL BUREAU OF STANDARDS
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A. V. Davydov, G. R. Kartashov,

Phys. Letters 30B . 6l6 ( 19&9)

methoo

I. N. Vishnevsky
Pd 106 4c

REF. NO.

69 Da L egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G ABY 1 D 1 NAI-D 0-1 120

do/dCl = 0.27 ± 0.05 mb/sr. 1=.5U7 MEV

dium which includes the 511 keV y-line corresponding

to elastic processes (Rayleigh and resonant y- ray
scattering.

FORM N8S-418
(R EV. 7. I 4.441
use OMM-OC 200 1 0- P64 PHOTONUCLEAR DATA SHEET 641

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



K. Hosoyama, Y. Torizuka, Y. Kawazoe, H. Ui
PICNS-72, 139 (197 2) Sendai

METHOD

Pd

REF. NO.

106 46

7 2 Ho 7 hvm

REACTION result
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMP 0, 1 D 250 MAG-D DST

0=. 51; 1=1.13 MEV

8(E?)
0. 01 0 2

(b)
B(E7J

92(b)
BtctE.?)

,uCd 29 0.18 021 -0.39*007
34 -038 »

312 -0 32»0.38 »

,0
*pd 50 023 025 -053*007

48*3 c)

42*3 -0458*0059

t) S.G.Snooman n at uPAmimii
B> A MKliintiM itaL N.PA1M(T970)81

e) Rl-PoBimon it a. N.PA1?U 196a W]
a)R.B»y«f it oL PR. £20970) US 9

fi*.3

FORM N3S-418
(REV. 7-14.641

USCOMM-NBS-OC PHOTOHUCLEAR DATA SHEET 642

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOARDS



Y. Torizuka, Y. Kojima, T. Salto, K. Itoh, A. Nakada,

S. MItsunobu, M. Nagao, K. Hosoyama, S. Fukuda

PICNS-7 2, p. 171 Sendai

methoo

Pd

REF. NO.

106 46

7 2 To 6 hvm

reaction RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ SPC 0- 37 D 183 MAG-D 35

and 35°.

form N3S-418
(R EV. 7-14-64)
USCOMM-NBS-OC PHOTONUCLEAR DATA SHEET 643

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



K. Hosoyama, 7. Torizoka, 7. Kawazoe, and H. U1
ReF

- Phys. Rev. Letters 30 , 388 (1973) CL EM. SYM.

Pd 106 46

METHOD ref. no.

73 Ho 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

B,B/ FMP CSI1O D 183,250 MAG-D DST

LEVEL .51. 1.13 COMPLEX

FIG. 1. Inelastic electron scattering form factors
for the 2

t
* and unresolved 02

+
, 2j

+
, and 4

t

+
levels In

,0*Pd at an incident energy of 250 MeV. The triplet
form factors are compared with the sum of the 02

*

4j
+ form factor (dotted line) anrf 2

2

+ form factor
(dashed line).

TABLE IL Values of the radiative transition rates for the crossover and cascade transi-
tions from the 2 2

+
state.

Pi’esent

iospd

Experimental Present

“<Cd

Experimental

£(£2,2,*— 2,
+
)

£(£2,2, + -0 +
)

0.96 ±0.13* I cc+0.08
A-ao-o.is 0.75±0.20 b

£(£2,2/-
£(£2.2,-— rlrolo (0.82^:?|)X10‘ J

(2.51?!!:$) x io* 2
4

ftU.TO-o.59 (1.6±0.3)xio* jb

*Ref. 2. b Ref. 6.

(over)

form N3S-418
IR E V. 7-1 4- 64)

USC OMM-N BS-OC PHOTONUCLEAR DATA SHEET 644

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUR EAU OF STANOAROS



TABLE I. Values of c, t, /?, and a (the parameters of p tr ), B(E2) in single-particle units, and the 2
t

+
state

static quadrupole moment.

Present Coulomb excitation

c t P a
B(E 2)

B lp (£2) (b)

B(E2)

B,p(B2)
9,
(b)

10*Pd 0.97c,, * 1.051,
b 0.23 0.23 50*5 -0.51*0.07 48*3 C

42* 3
d -0.458*0.059 d

,,4Cd 0.95c, e 0.18 0.19 29*3 -0.36*0.07 31*28 -0.32 ±0.08 8

34h -0.38h

*c o=5.14 fm. cRef. 2.
eC,= 5.43 fm. 8 Ref. 3,

b t,=*2.59 fm. d
Ref. 5. f t, = 2.50 fm. h Ref. 4.

XL. Robinson et al. , Noel. Phys. A124 ,

553 (1969).
3
S.G. Steadman et al. ( Nucl. Phys. A155 .

1 (1970).

^A.M. Kleinfeld et al. , Nucl. Phys. A158 .

81 (1970).

^R. Beyer et al. , Phys. Rev. C2, 1469 ('70).
6
W.T. Milner et al. , Nucl. Phys. Al 29 . 687 (’69).
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REF.
T. K. Deague, E. G. Muirhead, B. M. Spicer

Contributions Montreal Conference 350 (1969)

ELEM. SYM.

Pd 108 4o

METHOO REF. NO.

69 De 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABX 9-25 C 9-25 BF3-I 4PI

G,P ABX 9-25 C 9-25 ACT-

I

API

vi . ; i:: .-.armns of the giant dipole resonance

T. .

L
. : igne, 'In i

•

I^i -ml H. H. Gpicer . School of Physics, University of Melbourne,

Parkville, Victoria Australia

The 10I,
F\1 phofoneurron production cross section, and the 109Bd(y,p) 107Rh cross section have

been measured bv direct neutron det^-ion, and by counting the 30S keV r-ray in t.ne residual
107 Rh, respectively. Poth croc -c r i.onr were unfolded from yield ~urves by the method of

Penfold and Leiss. Corre-* l w. wir, -ad" to the neutron production cross section for the double

weighting of the (, ,/n) reaction. The two cross sections are shown in the figure.

The low energy spectrum of ln
‘'FV

4
. it. a good approximation to that of a sprier : il yibrator,

the vibrations having comparatively large amplitude. Hence l0H Rd is a good test for the dyn-

amic collective model of the giant resonance (Huber, Danes , Weber and Greiner, Phys.Rev. 1S5

(1967) 1073), in which quadrupole surface vibrations are coupled to the giant dipole vibration.

A fit to the predicted dipole spectrum, using Lorentz line shapes, is shown in the figure.

• Reasonable agreement is evident, although the theoretical peak at 16.75 MeV is not matched in

the experiment. The additional strength at lower energies is attributed tentatively to single

particle effects.

Fallieros , Goulard and Venter (Phys.Lett. ^9 (1965) 398) have suggested that the giant

dipole resonance should be split into two components with isospins T0 (- '!-?./?) and T0 1.

In a sufficiently heavy nucleus, these components are represented by the (y,n) and (y,p) cross

sections respectively. Accepting’ this breax-up, the separation of the T-components in 109
Fti

is v 6 MeV. The ratio of the strengths in the two components is 0.0235; this is to be com-

pared with Macfarlane's estimate of this ratio (in "Isobaric Spin in fiuclear Physic;-", eds.

J. D. Fox and D. Robson, Academic Press, 1966) of D/T0 where the avnamical factor, 2, is less

than unity.

649
U.S. DEPARTMENT OF COMMERCE

NATIONAL BUREAU OF STANDAROS



T. K. Deague, E. G. Muirhead, and B. M. Spicer

Nucl. Phys. A139 , 501 (1969) Pd 108 46

METHOO REF. NO.

69 De 5 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABX 8-25 c 8-25 BF3-I 4PI

G,P ABX 15-28 C 8-28 ACT-

1

4PI

Fig. 2. (a) The (y, p) cross section in 10*Pd, obtained using an analysis bin width of 1.3 MeV. (b) The
(y. n)+(y. np)-t-(y, 2n) cross section in 10(Pd, obtained using an analysis bin width of 0.3 MeV.

Fig. 3. The (y, n)+(y, p)+(y, np)+(y, 2n) cross section in lMPd, obtained using an analysis bin

form NBS-4
compared with a fit of Lorentz line shapes with widths 1.0 MeV, to the 10,Pd

(rev. 7 . 1 «. « dipole spectrum predicted by Huber *).

USC OMM.OC g .

M. G. Huber, private communication (1967>

[over

j

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
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Ground. State Isospin (TJ

Fig. 7. The ratio, for five nuclei, of the "bremsstrahiung weighted" cross sections for proton and

neutron production, respectively (circles with error bars), as a function of the ground state isospin,

T«. Crosses represent theoretical estimates of the relative strengths of the Ta+ 1 and T0 giant dipole

resonances. The continuous curve gives the “geometric factor”, 1 /T0 .
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REF.

H. Bartsch, K. Huber, U. Kneissl, H. Krieger

Nucl. Phys. KISS , 243 (1976)

ELEM. SYM.

Pd 108 46

REF. NO.

76 Ba 1 egf

REACTION result EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N RLY THR-UKN C UKN SCD-D 4PI

ISOMER RATIO

Tabu 1

Experimental and theoretical results

Process Target-

spin
** Spin

high

Spin

low
a „A«P '

SCOP (4)

1,,Ta(yf 3n) i* 93 2.2 h

9.31 min

8.15 h

7- l
4 0.51 ±0.09 3.6 ±0.2

,4SNd(y, n) 04 755 63 s i
4 0.055 ±0.006 2.20 ±0.06

1100-1300, 2.5 h 0.19 ±0.01*)

145

”Mo(y, n) 04 652-9 66 s r 1.03 ±0.21 5.03 ±0.75

1203, 1508, 15.49 min 0.85 ±0.07*)

1581, 1637 1.92 ±0.15*)

100Mo(y, n) 0* 97.3 16.8 ta * i
4 0.85 ±0.24 1.72±0.25

140.5 66.02 h
l0,Pd(y,n) 04 214.5 22s *

4 0.5 ±0.2 3.4 ±0.5

115 850 ns

“#Pd<y, n) 0* 188 4.7 min i
4 0.11 ±0.02 3.14±0.15

113 390 ns i
4 0.41 ±0.09 3.0 ±0.25

87.7 13.47 h i
4 3.2 ±0.7 3.3 ±0.4

•*Y(y,n) i- 231.7 14.2 ms 8 4 l
4 0.056±0.008

442-3

392_5 300 fa

•) Ref. *4
). *) Ref. “).

P.E. Haustein et al, J. Inorg. Nucl. Chem. 13, 289 (1971)
15

J.H. Carver et al., Nucl. Phys. 17, 449 (1962)
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ref. R.G. Arthur, R.P. Singhal, S.W. Brain, W.A. Gillespie, A. Johnston,
E.W. Lees and M.W.S. Macauley J. Phys . G£, 961 (1978)

ELEM. $YM.

Pd 108 46

METHOD REF. NO.

78 Ar 4 rs

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 0-2 D 21-121 MAG-0 140

Abstract The elastic electron-scattering form factor, and inelastic form factors for the Comment: Elastic & inelastic Scattering
2^ (0434 MeV), 21 (0931 MeV) and 3" (2-046 MeV) states in

l,, Pd were measured. data given in tWO tables.
The ground-state charge distribution parameters were obtained from a phase-shift analysis

of the elastic form factor. Analysis of the 2,* and 2^ form factors in the anharmonic

vibrator model yields the reduced transition probabilities and the 2* quadrupole moment

(Q:;) which is in excellent agreement with recent Coulomb reorientation measurements.

The 3" form factor is well described by the assumption that this state is a pure octupole

vibration.
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Figure 3.
108

Pel elastic form factor. The full curve is the phase-shift best fit. The error

bars are smaller than the data points.
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Vibrational states in

Figure 4. 2* and 2j form factors—anharmonic model fits. The fits to the 2i are respect-

ively cos ip = - l ( ), cos <fi
= -t- 1 ( ) and pure harmonic two-phonon ( ).
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Figure 5. 3" form factor. The full curve is the best fit assuming the level to be a single

octupole phonon vibration.
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T. K. Deague, E. G. Muirhead, and B. M. Spicer

Nuci. Phys. A139 . 501 (1969) Pd 110 /r.

METHOD REF. NO.

69 De 5 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX 8-28 C 8-28 ACT-

I

4PI

ISOMER YIELD ONLY

Fig. 4. The 110Pd(y, n) t0**Pd cross section, obtained using an analysis bin width of 1.0 MeV,
compared with a fit of Lorentz line shapes with widths 1.0 MeV, to the 110Pd dipole spectrum

predicted by Huber *).

6
M. G. Huber, private communication (1967).
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S. Penner, J.W. Lighcbody
, Jr. , S. P. Fivozinsky, H. Grannell,

P. L. Hallowell, and M. Finn
PICNS-72, 49 (1972) Sendai

REF.

METHOD

EL EM. SYM. A

Pd

REF. NO.

Z

110 46

72 Pe 2 hvm

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF O o D 40-110 MAG-D 128

Pig. 2. Form factor* for excitation of the first

and second 2* states in
110

Pd. The smooch curves are

the best fits of the anharmonic vibrator model.

0=. 374. 0=.81 MEV

Table 2. First Excited State Static Quadrupole Moments

Nucleus

Q, barns

electron scattering reorientation effect

48
TI -.177 t . 008

b
-.22 £ .08

C

-.1351 . 082
d

-.38 £ .13
8

83
Cr -.082 t . 016

8
-.07 * .13

f

80
Ni -.104 t .018

b
0 i .13 8

84
Zn -.135 £ . 016

b
•

70
Zn -.21 * .03

b

xl0
Pd -.28 £ .03

8 (-.27 OR -,48)£.05
h

(-.45 OR -.72)*. 121

114
Cd -.29 * .03

a
-.32 * .08 j

118
Sn -.14 i .03

8
+.09 * .13

k

a) New preliminary values
b) From Ref. (1)
c) 0. Hauaser, et_ al. , Nucl. Phys. A150 . 417 (1970)
d) P.M.S. Lesser, ec_ al_. , University of Rochester

Annual Report, 1970 (unpublished)
e) N.V. deCascro-Faria, et al. , Nucl. Phys. A174

,

37 (1971)
f) D. Cline, University of Rochester Reporc UR-NSRL-40,

1971 (unpublished)
g) D. Cline, _et al . , Nucl. Phys. A133 , 445 (1969)
h) R. Boyer, et al., Phys. Rev. C2, 1469 (1970)
i) R.P. Harper, et al., Nucl. Phys. A162 . 161 (1971)

fo "m
7 ®t

4 ’ 8 Z * Berar»t, et al . , Phys. Rev. Letters 27, 110 (1971)

uscomm-nbsoc 658 PHOTONUCLE >0 A.M. Kleinfeld, et al . , Nucl. Phys. A154 , 499 (1970)



REF.
jj, Bartsch, K. Huber , U. Kneissl, H. Krieger

Nucl. Phys. A256 , 243 (1976)

ELEM. SYM.

Pd 110 46

METHOD

76 Ba 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N RLY THR-UKN C UKN SCD-D 4PI

ISOMER RATIO

Tabu 1

Experimental and theoretical results

Process Target-

spin (keO)

T* Spin

high

Spin

low
n _ —

—

almw

SCOP (»)

J,1Ta(y.3n) i* 93 2.2 h

9.31 min

8.15 h

7“ 1* 0.51 ±0.09 3.6 ±0.2

141Nd(y, n) 0* 755 63 s * 0.055±0.006 2.20±0.06

1100-1300, 2.5 h 0.19 ±0.01*)

145

**Mo(y, n) 0* 652.9 66 s » i- 1.03 ±0.21 5.03 ±0.75

1208, 1508. 15.49 min 0.85 ±0.07*)

1581, 1637 1.92 ±0.15')
100Mo(y, n) • o* 97.3 16.8 vn * * 0.85 ±0.24 1.72±0.25

140.5 66.02 h
10,Pd(y. n) 0* 214.5 22s i 0.5 ±0.2 3.4 ±0.5

115 850 ns

11#Pd<y,n) 0* 188 4.7 min * 0.11 ±0.02 3.14±0.15

113 390 ns * 0.41 ±0.09 3.0 ±0.25

87.7 13.47 h * i* 3.2 ±0.7 3.3 ±0.4

••Y(y.a) *- 231.7 14.2 ms 8* i* 0.056±0.008

442.3

392.5 300 /a

*) Ref. ,4
). *) Ref. »*).

14
^P.E. Haustein et al., j. inorg. Nucl. Chem. 33 , 289 (1971)

J. H. Carver et al., Nucl. Phys. 37 , 449 (1962)

form N3S-418
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REF.

METHOD

J.W. Lightbody, Jr., S. Penner, S.P. Fivozinsky, EL EM. SYM. A Z

P.W. Hallowell and Hall Crannell
Phys. Rev. C14, 952 (1976)

Pd no 46'

REF. NO.

76 Li 5 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 0, 1 D 39-111 MAG-D 127

(.374, .81)

TABLt VI. Anharmonic vibrator model parameters.

l*Pd ‘“Cd ,,iSn

c„ (fm) 5.169 *0.022 5.214 *0.021 5.446*0.048

(fm) 0.529 *0.039 0.593 *0.040 0.550 * 0.047

0, 0.277 ±0.012 0.218 *0.009 0.124*0.004

a 0.2011* 0.0044 0.1749* 0.0060 0.14 * 0.02 *

B (E2\) (**fm4
)- 7966* 682 5753* 475 2288*148

X
l
(2t)/(N-P) 1.3 1.5 1.2

N-P 3 3 4

B(EZi) («
2fm4

) 72.9 * 8.0 50.2 * 7.6 19.81)®

X
Z(2J)/(^-F) 3.0 3.0 1.0

N-P 5 5 6

* Kit estimated by eye.

FIG. 5. Cross sections for ll0Fd in units otZ* i; MolI for
the 0.374 and 0.81 MeV, wMott

2* states. The solid
curves are fits based on the anharmonic vibrator model.

(over)
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TABLE m. Ratios of inelastic scattering cross sections to Z*ctMoI| .1
4 9

(deg)

s2Cr

1.43 MeV, 2* stats 3.16 MeV, 2* state

39.38 127.74 (0.90 * 0.04)-03 (0.55 *0.55) -05

49.44 127.74 (0.159* 0.006) -02 (0.29 * 0.07)-04

59.84 127.71 (0.26 * 0.02) -02 (0.89 * 0.30)-04

75.22 127.71 (0.265* 0.007)-02 (0.842* 0.012) -04

92.73 127.74 (0.222* 0.005)-02 (0.428* 0.052) -04

110.20 127.69 (0.97 *0.02)-03 (0.222* 0.044)-04

‘“Pd

Ei 9

(MeV) (deg) 0.374 MeV, 2j state 0.81 MeV, 2| stats

39.38 127.74 (0.35 * 0.03)-02 (0.45* 0.14)-04

49.44 127.74 (0.40 * 0.02J-02 (0.10* 0.01)-03

59.84 127.71 (0.40 * 0.02)-02 (0.10* 0.01)-03

75.22 127.71 (0.233* 0.003)-02 (0.86* 0.07)-04

92.73 127.74 (0.40 * 0.05) -03 (0.48* 0.0 6)-04

110.20 127.69 (0.23* 0.01)-03 (0.17* 0.17)-05

“4Cd

Ei 9

(MeV) (deg) 0.558 MeV,2f state 1.208 MeV, 2J stats

39.38 127.74 (0.20 * 0.02) -02 (0.46* 0.07)-04

49.44 127.74 (0.28 * 0.02)-02 (0.40* 0.06)-04

59.84 127.71 (0.220* 0.0 14) -02 (0.58* 0.11)-04

75.22 127.71 (0.118* 0.005)-02 (0B4±0.04)-O4

92.73 127.74 (0.204 *0.00 7)-03 (0.11* 0.04)-04

110.20 127.69 (0.155* 0.00 7)-03 (0.61* 0B5)-05

“*Sn

E, e

(MeV) (deg) 1.294 MeV,2t stats 2.112 MeV, 2} stats 2.266 MeV,3" state

39.38 127.74 (0.65* 0.04)-03 (0.68* 1.05)-05 (0.18* 0.02)-03

49.44 127.74 (0.88* 0.04)-03 <0.26* 0.69) -05 (0.40* 0.01)-03

59.84 127.71 (0.84* 0.03) -03 (0.21* 0.06) -04 (0.63 * 0.02)-03

75.22 127.71 (0.36* 0.02) -03 (0.5 * 7.4)-06 (0.34 * 0.02)-03

75.02 127.81 (0.34* 0.02)-03 (0.47* 0.39)-05 (0.82* 0.0 1)-03

92.73 127.74 (0.50* 0.09)-04 (0* 0.19)-04 (0.60* 0.01)-03
110.20 127.69 (0.85* 0.10)-04 (0*0.8)-06 (0.14* 0.01)-03
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DEFINITIONS OF ABBREVIATIONS AND SYMBOLS

Note: In this list definitions are given for various photoneutron
reactions in which the following symbols are used: N, NL, nN, SN and XN.

Corresponding definitions apply for reactions invol ving other nuclear particles
where the symbols N (neutron) is replaced by, e.g. P, D, T, HE, A etc. Where
unknown reactions result in the production of a specific radionuclide, the

chemical symbol andmass number is listed as the reaction product, e.g. a G,NA22
reaction in 59co.

A alpha particle response function. Contrast
with D = discrete.

ANAL analysi s

CCH cloud chamber

ABI absolute integrated cross-section
data CF compared with

ABX absolute cross-section data CHRGD charged

ABY absolute yield data. Often means
cross-section per equivalent

CMPT Compton

quantum is listed. COIN coincidence, coincide
COINC

ACT measurement of induced radio-
activity of the target COH coherent

ASM asymmetri c , asymmetry CK Cerenkov

AVG average D deuteron or discrete. When
discrete, it is used to

BBL bubble chamber describe a photon source or

a detector response function.

BEL reduced electric radiative Contrast with C = continuous.

B ( EL) transition probability
DLTE energy loss

BF3 BF3 neutron counter with moder-
ator e.g., Halpern detector,
long counter

DLTQ momentum transfer

DST di stribution
BML reduced magnetic radiative

transition probability, B ( ML

)

DT BAL detailed balance

BREAKS levels located by "breaks" in the E electron

yield curve
E/ inelastically scattered

BRKUP breakup electron

BRMS bremsstrahlung E+ positron

BTW

1

between EDST energy distribution or
spectrum

C continuous. Used to describe a

photon source or a detector E/N used only to indicate a coinci

dence experiment as in ( E , E/N

)

I

i

665



EMU

EXCIT

F

FMF

FM-1

FRAG

G

G/

G-WIDTH

HAD

HE
He3

I NT

INC

ION

ISOB

ISM

J

JPI
J-PI

K

N stands for any outgoing
particle measured in coinci-
dence with an inelastically
scattered electron. Distin-
guish from eg., (E,N) which is

used to represent an electron
induced reaction when only the
outgoing particle N is detected.

emulsions (photographic plates)

excited

kinetic energy

may be an integer or zero
that always follows a reaction
product symbol. This is used
to indicate transitions to

specific states in the residual
nuclide. When the letter is

used as in (G,NL) the cross
section given is that for the
sum of transitions to two or
more specific final states.

fi ssion LFT excited state lifetime

form factor LIM limit

inverse femtometers LV ,LVS level, levels

fragment

photon

inelastically scattered photon

LQD liquid

MAG magnetic spectrometer

MEAS measurement! s

)

gamma-ray transition width MGC magnetic Compton spectrometer

hadrons, hadron production MGP magnetic pair spectrometer

3He particle

interaction, integral,
intensi ty

includes

ionization chamber

isobaric

i somer

multiplicity of particle
defined by following symbol

e.g. (G,PJN) with remark

J = 2, 3, 5,

7

spin and parity of a nuclear
state

second multiplicity index, e.g.

(G,JPKN) with both J & K posi-
tive integers greater than 1

MOD moderated neutron detector not
employing a BF 3 counter, e.g.

rhodium foil, Szilard-Chalmers
reaction, ^He, 6 Li reactions,
GD loaded liquid scintillator,
etc.

MSP mass spectrometer

MULT multiple, multi pole, multiplicity

MU-T used only in combination with G

to indicate a total photon
absorption cross section measure-
ment, i.e. ( G , MU -T

)

N neutron (see also XN and SN).

The notation (G,N) is used to

indicate a reaction in which only

a single neutron is emitted, i.e.

the reaction that can, in many

cases, be measured by observing
the radioactive decay of the

residual nuclide.
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iN where n is any integer. (G,nN) SN sum of neutron producing

indicates the sum over all reactions, a( y,SN)=a(y,N)

reaction cross sections in which + a(y,NP) + a(y,2N) + a(y,3N)

n neutrons are emitted. + etc.

JAI Nal(Tl) spectrometer SPC photon or particle energy
spectrum

JEUT neutron(s)
SPK spark chamber

m no cross-section data
SPL spallation

) proton (see also XP)
STAT statistical

>ART parti cl e( s)
SYM symetric, symmetry

>HOT photon(s)
T tri ton

>1 pion, usually written as PI+,

PI-, PIO to indicate charge TEL counter telescope

30L polarized or polarization THR threshold for reaction or
threshold detector, e.g..

3-SQUAR momentum transfer squared (q
2

)

29Si(n,p)29Al.

RCL recoil TOF time-of-fl ight detector

REL relative TRK tracks of particles or frag-
ments observed in solid

RLI relative integrated cross- materials (glass, mylar, etc.)

section data
TRNS transi tion

RLX relative cross-section data
UKN unknown

RSP reaction spectrometer UNK

RLY relative yield data VIB vibrational

SCTD scattered VIR PHOT virtual photon(s)

SCD semiconductor (solid state) XN all neutrons, total neutron

detector yield, a(y,XN) = a(y,N) + 2a
(Y,2N) + 3a(y,3N) +a(y,NP) + etc.

SCI scintillator detector other than

Nal, e.g., Csl, KI, organic
(liquid or solid), stilbene, He

XP all protons, total proton yield
a(Y,XP )

= cr(y,P) + a(y,NP) +

2a (Y ,2P ) + etc.

SEP separation
XX reaction products defined in

SEP ISOTP separated isotope used XXX REMARKS

SIG SIGMA (cross section) YLD yield

667



4PI a 4 it geometry was used or a

method like radioactivity or a

total absorption measurement

999 energy defined in REMARKS * or @

$ indicates the measurement
involved beams or targets
that were either polarized
or aligned, or that the polar-
ization of the reaction

products was determined.
The polarized particle is

indicated in REMARKS.

symbols used to indicate that
the units associated with the
numerals on one or both sides
of the symbol in a specific
column are not MeV. The units
are defined in REMARKS.
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